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METRIC-ENGLISH EQUIVALENTS

[SI, International System of Units, a modernized metric system of measurement]

SI unit U.S. customary equivalent

Length
millimeter (mm) 
meter (m)
kilometer (km)

= 0.03937 inch (in) 
= 3.281 feet (ft) 
= 1.094 yards (yd) 
= 0.621 4 mile (mi) 
= 0.540 0 mile, nautical (nmi)

Area
centimeter2 (cm2 ) 
meter2 (m2 )

hectometer3 (hm2 ) 

kilometer2 (km2)

= 0.1550 inch2 (in8 ) 
= 10.76 feet2 (ft2 ) — 1.196 yards2 (yd2 )
= 0.0002471 acre 
= 2.471 acres 
= 0.003 861 section (640 acres or 

1 mi2 ) 
= 0.3861 mile2 (mia)

Volume
centimeter3 (cm3 ) 
decimeter3 (dm3 )

meter3 (m3 )

hectometer3 (hm3 ) 
kilometer3 (km3 )

= 0.061 02 inch3 (in3 )
— 61.02 inches3 (in3 ) 
= 2.113 pints (pt) 
= 1.057 quarts (qt) 
— 0.264 2 gallon (gal)
= 0.035 31 foot3 (ft3 ) 
= 35.31 feet3 (ft3 )
— 1.308 yards3 (yd3 ) 
= 264.2 gallons (gal) 
= 6.290 barrels (bhl) (petro­ 

leum, 1 bbl = 42 gal) 
= 0.000 810 7 acre-foot (acre-ft) 
= 810.7 acre-feet (acre-ft) 
= 0.239 9 mile3 (mi3 )

Volume per unit time (includes flow)
decimeter3 per second 

(dm»/s) = 0.035 31 foot3 per second (ft3/s)
= 2.119 feet3 per minute (ft1/ 

min)

SI unit

Volume per
decimeter3 per second 

(dm3/s)

meter3 per second (m3/

U.S. customary equivalent

unit time (includes flow)— Continued
= 15.85 gallons per minute 

(gal/min) 
= 543.4 barrels per day 

(bbl/d) (petroleum, 
1 bbl = 42 gal)

= 15 850 gallons per minute 
(gal/min)

Mass

gram (g) 
kilogram (kg) 
megagram (Mg)

= 0.035 27 ounce avoirdupois (oz 
avdp) 

= 2.205 pounds avoirdupois (Ib 
avdp) 

— 1.102 tons, short (2000 Ib)
= 0.984 2 ton, long (2 240 Ib)

Mass per unit volume (includes density)

kilogram per meter3 
(kg/m3 )

=i 0.062 43 pound per foot3 fib/ft3 )

Pressure

kilo pascal (kPa) = 0.1450 pound-force per inch* 
(lbf/ina ) 

= 0.009 869 atmosphere, standard 
(atm) 

= 0.01 bar 
= 0.296 1 inch of mercurv at 

60°P (in Hg)

Temperature

temp kelvin (K) 
temp deg Celsius (°C)

= [temp deg Fahrenheit (°F) +459.67] /1.8 
= [temp deg Fahrenheit (°F) — 32]/1.8



PRELIMINARY CORRELATION OF POST-ERIE INTERSTADIAL
EVENTS (16,000-10,000 RADIOCARBON YEARS BEFORE PRESENT),
CENTRAL AND EASTERN GREAT LAKES REGION, AND HUDSON,

CHAMPLAIN, AND ST. LAWRENCE LOWLANDS,
UNITED STATES AND CANADA

By DAVID S. FULLERTON

ABSTRACT

A tentative correlation of glacial and deglacial events between ap­ 
proximately 16,000 and 10,000 radiocarbon years before present in 
the central and eastern Great Lakes region and the Hudson, 
Champlain, and St. Lawrence Lowlands is presented as a correlation 
chart. Stratigraphic, morphologic, and chronologic data from New 
York are integrated with similar data from parts of Wisconsin, 
Michigan, Illinois, Indiana, Ohio, Pennsylvania, New Jersey, Ver­ 
mont, Ontario, and Quebec to provide a regional synthesis of glacial 
and deglacial events.

Ancestral lake phases are correlated on the basis of drainage rela­ 
tionships of the lake phases and continuity of strand features from 
one basis or lowland into another. Tills are correlated on the basis of 
lithostratigraphic continuity and their stratigraphic relationships 
to strand features and sediments of lake phases. End moraines are 
correlated on the basis of morphostratigraphic continuity, correla­ 
tions of the tills of which they are composed, and relationships of 
moraines to strand features and sediments of lake phases. Radio­ 
carbon ages that have been assigned to lake phases, advances and 
recessions of ice margins, and formation of end moraines are not 
considered as a primary basis for correlation.

Two schemes of time-stratigraphic classification are used on the 
chart and in the text. The classification of Dreimanis and Harrow 
(1972) is based on stratigraphic relationships in the Lake Huron, 
Lake Erie, and Lake Ontario basins and the St. Lawrence Lowland. 
The classification of Frye and others (1968) is based on 
stratigraphic relationships in Illinois and the Lake Michigan basin, 
and presently it cannot be extended east of Indiana and Michigan 
by lithostratigraphic criteria.

The correlations presented on the chart are a result of assessment 
of original observational data; they are not based on interpretations 
from published summaries and syntheses. More than 2,500 sources 
were consulted to obtain the observational data to construct the 
chart. Many of the stratigraphic and morphologic data upon which 
earlier syntheses of Great Lakes history were based were published 
more than 50 years ago, and the original sources were not refer­ 
enced in the more recent summaries. Unpublished dissertations, 
theses, open-file reports, and manuscripts also contain a large body 
of very significant field data. The more than 800 selected references 
include many obscure but important sources of observational data 
that should be consulted in any attempt to reconstruct the post- 
Erie interstadial glacial and deglacial history in this region.

More than 290 radiocarbon ages that provide maximum, approxi­ 
mate, or minimum ages for events are included on the chart. A 
series of supplementary notes accompanies the chart to clarify some 
correlations and to focus attention on inconsistent interpretations 
and selected unsolved problems.

INTRODUCTION

The development of a stratigraphic scheme can have no final con­ 
clusion, because the work is never finished. It goes on indefinitely, 
usually in a series of jumps, slowly reaching ever-more-probable 
correlations * * * Although parts of the structure are surely in error, 
little by little and perhaps at times painfully, these will be set right, 
and progress will continue with greater and greater refinement. 
(Flint, 1976, p. 407)

Chronologic and correlation schemes of glacial and 
deglacial events that postdate the Erie interstadial in 
the central and eastern Great Lakes region and in the 
Hudson, Champlain, and St. Lawrence Lowlands have 
evolved rapidly during the past 25 years. The schemes 
of Flint (1947, 1953, 1955, 1956, 1957), Hough (1953, 
1958, 1963, 1966, 1968), Flint and Rubin (1955), and 
Kelley and Farrand (1967), based on earlier studies, 
were very generalized because of a paucity of informa­ 
tion, limited chronologic control, and a desire for sim­ 
plicity. More recent reviews and syntheses by Wayne 
and Zumberge (1965), Lewis (1969), Dorr and Eschman 
(1970), Eschman and Farrand (1970), Prest (1970), 
Flint (1971, 1976), Sly and Lewis (1972), Terasmae, 
Karrow, and Dreimanis (1972), Dreimanis and 
Goldthwait (1973), Farrand and Eschman (1974), and 
Evenson and Dreimanis (1976) refined the earlier cor­ 
relations and added much new observational data 
and chronologic control.

On plate 1 I attempt to integrate stratigraphic, 
morphologic, and chronologic data from New York into 
a unified working framework of correlation. Using this 
framework, a further attempt is made to integrate the

l
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history of post-Erie interstadial lake phases and ice- 
margin fluctuations from eastern Wisconsin to eastern 
New York into a correlation scheme that is compatible 
with existing data from all of northeastern North 
America.

The correlations presented here, founded in part on 
earlier correlation schemes, are less satisfactory than 
the earlier schemes in many respects—they incor­ 
porate new facts and considerations that introduce 
uncertainties and inconsistencies. Although the 
scheme presented here answers some questions, it im­ 
plicitly poses even more new questions. Because of its 
complexity and the large geographic area considered, 
the present scheme is more vulnerable to criticism of 
details than were its predecessors. I hope it will pro­ 
mote detailed field studies designed to expand the 
stratigraphic and chronologic control of correlations 
and refine the local and regional successions of events. 
Possibly no worker in the region under consideration 
will agree with all the correlations and age assign­ 
ments that are presented here as a working model. It is 
hoped that those who favor interpretations presented 
here and those who favor alternative interpretations 
will be stimulated to publish new stratigraphic and 
chronologic data that will demonstrate conclusively 
the necessity for acceptance of specific correlations.

Correlations of ancestral Great Lakes phases are 
controversial, subjective, and tenuous. The problems 
involved are succinctly stated in the following quota­ 
tions by J. L. Hough.

The existence of lake stages at the various levels reported is, in 
general, unquestioned. The sequence of occurrence of various stages 
within a single lake basin is a matter of interpretation, and the cor­ 
relation of the sequence worked out for one basin with the sequence 
in another basin is a matter of further interpretation. Some of the 
interpretations * * * must be rejected because of new evidence, and 
other interpretations are open to serious question because of lack of 
evidence. (Hough, 1953, p. 24).

Interpretation of the evidence is fairly easy and straightforward, 
to the extent of defining a single event, or even some series of 
events, within one of the lake basins; but the deciphering of the en­ 
tire history of one basin, as well as of the whole region, involves the 
correlation of events in all of the basins. This more abstract pro­ 
cedure relies more heavily on subjective interpretation of fragmen­ 
tary data, and it is to be expected therefore that there will be some 
differences of opinion among various investigators at any one time 
and that the history of the lakes is subject to frequent revisions as 
long as new evidence is being obtained. (Hough, 1963, p. 89).

It is necessary to distinguish carefully between 
interpretations of other workers and the data upon 
which the interpretations were based, particularly in 
the preparation of a regional synthesis. Terasmae and 
Dreimanis (1976, p. 52) concluded that:

When insufficient information and few data are available, it is 
temptingly easy to propose rather simple, quite reasonable, and ap­ 
parently correct hypotheses. In these circumstances most of the ex­ 
isting evidence can be interpreted only in a subjective and qualified

manner, and analogy is commonly used as "proof." Nearly all 
significant interpretations have been consistent with the evidence 
at hand; a matter readily verified when one makes a study of the 
relevant literature relating to any particular case. Because of this, 
one must remember that there is a substantial difference between 
the data that are only consistent with a proposed hypothesis and 
the data that compel the acceptance of a hypothesis. Unfortunately, 
in many recent big picture syntheses this distinction is not always 
made clear.

It is important, therefore, that a careful and critical evaluation be 
made of available evidence (relating to any particular existing 
hypothesis) from time to time, prior to the tentative working 
hypotheses becoming ingrained as authoritative and governing 
theories or an axiom.

Many researchers tend to rely upon authority, and 
too often they accept published interpretations 
without critical appraisal of the data upon which the 
interpretations are based. If an author's data from one 
locale are consistent with a published chronologic or 
correlation scheme, he commonly concludes that his 
new data confirm the validity of that scheme. Alter­ 
native hypotheses that also are compatible with the 
new data too often are not considered.

Summaries of work performed chiefly by the authors 
of the summaries and their coworkers generally are 
reliable sources of data for correlation of events in the 
Great Lakes region and the St. Lawrence Lowland. 
Publications by Willman and Frye (1970), Frye and 
Willman (1973), Johnson (1976), Dreimanis and Kar- 
row (1972), Terasmae, Karrow, and Dreimanis (1972), 
Karrow (1974a), Terasmae and Dreimanis (1976), 
McDonald and Shilts (1971), Gadd, McDonald, and 
Shilts (1972), Gadd, LaSalle, Dionne, Shilts, and 
McDonald (1972), and Gadd (1976) are examples of 
works that accurately summarize the state of know­ 
ledge when the manuscripts were written.

Published syntheses that are merely literature re­ 
views are not reliable sources of data for purposes of 
correlation. The literature surveys are merely sum­ 
maries of interpretations and conclusions of other 
workers; the data upon which the interpretations and 
conclusions were based are not reviewed or evaluated. 
Many tenous and implausible correlations have been 
perpetuated and given apparent credibility as a conse­ 
quence of their incorporation into "review" syntheses. 
Unfortunately, many workers assume that the most re­ 
cent review or synthesis contains the most reliable and 
up-to-date information available for a particular 
region, and they assume that original sources of data 
no longer need to be consulted.

EMPHASIS ON NEW YORK STATE

Parts of New York are included in six of the nine 
numbered columns on the chart (pi. 1; fig.l). Emphasis 
is placed on New York for two reasons. First, the
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Wisconsinan history of New York and New Jersey is 
less well known than that in most other states and 
provinces under consideration. Muller (1965a), Flint 
(1976), and Coates (1976) outlined some of the prob­ 
lems involved in establishing correlations in New 
York. Second, eastward drainage of lakes in the Mich­ 
igan, Huron, and Erie lake basins could have occurred 
only when the Batavia reentrant, the Syracuse chan­ 
nels, the Mohawk Lowland, and the central and 
southern Hudson Lowland in New York were free of ac­ 
tive ice. Previous authors have inferred that eastward 
drainage was possible at the times indicated by their 
correlations in the Michigan, Huron, and Erie lake 
basins, but they have not presented a synthesis of 
morphologic, stratigraphic, and chronologic data from 
New York as a test of their interpretations. The pres­

ent chart evolved from a preliminary correlation of 
lake phases, tills, and end moraines in New York 
(Fullerton, 1971). Consequently, the correlation of 
events in lake basins west of New York, proposed here, 
has been adjusted to comply with the inferred history 
of events in New York, and the correlation of events in 
New York has been adjusted to comply with the infer­ 
red history of events in lake basins to the west, within 
present limits of resolution.

BASES OF CORRELATIONS

The present correlations of ancestral lake phases are 
based upon continuity of strand features from one 
basin or lowland into another and upon drainage rela­ 
tionships of lake phases. Tills are correlated on the
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FIGURE 1.—Regions represented by numbered column headings on plate 1. Some boundaries between numbered regions are arbitrarily 
defined in order to reduce repetition of events in different columns on the chart. Many events that are confined to a single column 
on the chart are recorded in parts of two or more adjacent regions shown on the map.
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basis of lithostratigraphic continuity and their 
stratigraphic relationships to strand features and 
sediments of lake phases. End moraines are correlated 
on the basis of morphostratigraphic continuity, cor­ 
relations of the tills of which they are composed, and 
relationships of moraines to strand features and sedi­ 
ments of specific lake phases.

Radiocarbon ages that have been assigned to lake 
phases, to advances and recessions of ice margins, and 
to formation of end moraines are not considered as a 
primary basis for correlation. (See the section on 
"Radiocarbon Ages.") Interregional correlations based 
solely on radiocarbon ages in many instances are in­ 
compatible with morphologic and stratigraphic 
evidence. Radiocarbon controls of the same event or 
correlative events in different columns on the chart are 
inconsistent. Also, ages of initiation and termination 
of lake phases and ages of end moraines cannot be 
closely defined on the basis of radiocarbon controls.

Till boundaries, end-moraine configurations, lake 
outlets, and strand altitudes from consulted sources 
were plotted on base maps for evaluation. Strand 
altitudes were projected graphically to allow evalua­ 
tion of published postglacial uplift profiles for the 
Michigan, Huron, Erie, and Ontario lake basins and 
the Hudson, Champlain, and St. Lawrence Lowlands.

Many lake phases in the Huron, Erie, and Ontario 
lake basins drained into other lakes by way of channels 
that now are abandoned. Channel configurations, ter­ 
races above channel floors, deltas at channel mouths, 
and beaches and bars at channel heads may permit cor­ 
relation of lake phases in adjacent basins or lowlands 
during intervals of drainage. For example, Lake Whit- 
tlesey, in the Lake Erie basin, drained into Lake 
Saginaw, in the Lake Huron (Saginaw) basin, by way 
of the Ubly channel; Lake Saginaw drained into Lake 
Chicago, in the Lake Michigan basin, by way of the 
Grand Valley. Synchroneity of Lakes Saginaw and 
Whittlesey is assured because the former received 
drainage from the latter, both were dammed by the 
margin of the same ice lobe, and recession of the ice 
margin caused coalescence of the waters and formation 
of Lake Warren I. Terraces in the Grand Valley can be 
traced from the outlet of Lake Saginaw to the Alien- 
dale delta, indicating that Lake Saginaw drainage 
entered a Glenwood phase of Lake Chicago in the Lake 
Michigan basin (Eschman and Farrand, 1970; Farrand 
and Eschman, 1974). It follows that a Glenwood phase 
of Lake Chicago existed in the Lake Michigan basin 
while Lake Whittlesey existed in the Lake Erie basin. 
In like manner, terraces in the Grand Valley indicate 
that at least part of the drainage from Lake Warren I, 
in the Lake Erie basin, entered a Calumet phase of 
Lake Chicago (Eschman and Farrand, 1970; Farrand 
and Eschman, 1974).

Moraines or tills in neighboring basins or lowlands 
may be correlated on the basis of mutual relationships 
to lake strands or sediments. For example, the Outer 
Port Huron moraine in Michigan and the Wyoming 
moraine in Ontario were formed as a result of a major 
glacial readvance in the Lake Huron basin; the read- 
vance was contemporaneous with the rise of waters in 
the Lake Erie basin to the Whittlesey level (Bretz, 
1951a). The Paris and Norfolk (Long Point) moraines in 
Ontario and the Girard (Erie) moraine in Pennsylvania 
were formed as a result of a major glacial readvance in 
the Lake Ontario and eastern Lake Erie basins; the lat­ 
ter advance also was contemporaneous with the rise to 
the Whittlesey level (Karrow, 1963; Wall, 1968; Fuller- 
ton, 1971; Sly and Lewis, 1972; Terasmae and others, 
1972). The "Port Huron" till in Michigan, of which the 
Outer Port Huron moraine is composed, the St. Joseph 
till in Ontario, of which the Wyoming moraine is com­ 
posed, and the Wentworth Till in Ontario, of which the 
Paris and Norfolk moraines are composed, have a com­ 
mon stratigraphic relationship to strands and 
sediments of Lake Whittlesey and pre-Whittlesey 
lakes. Correlation of the tills and approximate correla­ 
tion of the moraines can be inferred confidently on the 
basis of stratigraphic relationships of the tills to Lake 
Whittlesey sediments, without regard to the observed 
morphostratigraphic continuity of the moraines, the 
demonstrated lithostratigraphic equivalence of the 
tills, or the limited radiocarbon controls of the till and 
end-moraine correlations. Although the till boundaries 
are not everywhere represented by end moraines, the 
moraines can be assumed to be correlative within pres­ 
ent limits of time resolution in the Great Lakes region.

Altitudes of lake phases in neighboring basins or 
lowlands may place restraints on correlations. For ex­ 
ample, Lake Ypsilanti, in the Lake Erie basin, was too 
low to have drained westward (Kunkle, 1963; Wall, 
1968; Dreimanis, 1969a, Sly and Lewis, 1972). The 
broader regional implication of eastward Great Lakes 
drainage by way of the Syracuse channels and the 
Mohawk Lowland during the Mackinaw interstadial, 
confirmed by stratigraphic evidence in the Mohawk 
Lowland (Fullerton, 1971), requires that part of the 
Valley Heads moraine system and perhaps all of the 
Tully and Cazenovia moraine systems in central New 
York were formed as a result of a significant Ontario 
lobe glacial readvance.

Because of the restraints imposed on correlations by 
drainage of lakes in one basin or lowland into lakes in 
another basin or lowland, as well as by limiting 
radiocarbon ages, the succession of events in each 
numbered column on the chart is dependent on the suc­ 
cessions of events in adjacent columns. Lake phases in 
the Lake Michigan basin can be correlated with lake 
phases in the Lake Erie basin in a manner different
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from that on the chart only if drainage relationships, 
till stratigraphy, and end-moraine configurations in all 
the columns can be adjusted in such a manner that cor­ 
relations of all other events in the columns also are still 
compatible with available evidence. For example, 
eastward drainage of lakes in the Lake Erie basin could 
have occurred only when the Batavia reentrant, the 
Syracuse channels, the Mohawk Lowland, and the cen­ 
tral and southern Hudson Lowland were free of active 
ice. An alternative scheme of events in the Michigan, 
Huron, or Erie lake basins must be rejected if it is in­ 
compatible with the history of ice-margin fluctuations 
and drainage in New York.

Many correlations presented here are the same as 
those of other workers. In these instances either the in­ 
terpretations are considered justified on the basis of 
observational data or the data are so inconclusive that 
the earlier interpretations are as plausible as alter­ 
natives. Revised interpretations presented here are 
based on data or arguments that lend greater support 
to them than to alternatives.

EXPLANATION OF CORRELATION CHART 

TIME STRATIGRAPHY

Two time-stratigraphic schemes are shown on the 
left side of plate 1, one for the area of the Michigan lobe 
(fig. 2) and Illinois and one for the Huron, Erie, and On­ 
tario lake basins and the St. Lawrence Lowland. A 
more detailed summary of time-stratigraphic classifi­ 
cations is illustrated in table 1. In principle and in 
practice, neither scheme is truly a time-stratigraphic 
classification. The scheme of Frye, Willman, Rubin, and 
Black (1968), based on loess stratigraphy, is most 
easily applied in Illinois, Wisconsin, western Indiana, 
and western Michigan, where physical tracing of rock- 
stratigraphic units from the type areas is possible. The 
scheme of Dreimanis and Karrow (1972), based on till 
stratigraphy, is more easily applied in southern On­ 
tario, southeastern Michigan, eastern Indiana, Ohio, 
Pennsylvania, New York, New Jersey, and Quebec. 
Events in the latter regions can be related to the 
Michigan lobe-Illinois scheme only be means of 
radiocarbon ages. The paucity of reliable ages that 
closely date events in New Jersey, New York, Pennsyl­ 
vania, and Ohio, and the questionable reliability of cor­ 
relations based solely on radiocarbon ages greatly 
limit useful application of the Michigan lobe-Illinois 
time-stratigraphic scheme in the latter regions. (See 
discussion in the section on "Radiocarbon Ages.") In 
this report the terminology used in relation to specific 
events is that most commonly used by workers in the 
respective regions.

In the time-stratigraphic classification scheme of 
Frye and Willman (1960) and Frye, Willman, Rubin, 
and Black (1968), all proglacial and nonglacial sedi­ 
ments above Woodfordian till and below the "Valders" 
(Two Rivers) Till at the Two Creeks type section in 
Wisconsin (Note 3) were deposited during the 
Twocreekan Substage. The lake sediments that 
underlie and overlie the Two Creeks buried forest are 
assigned to the Twocreekan Substage. All the 
radiocarbon ages from the buried forest therefore are 
minimum ages of the older boundary and maximum 
ages of the younger boundary of the substage. Frye 
and Willman (1960) and Frye, Willman, Rubin, and 
Black (1968) placed the lower boundary of the 
Twocreekan Substage at 12,500 B.P. (radiocarbon 
years before present) and the upper boundary at 11,000 
B.P. (table 1). Evenson and others (1976, fig. 2) placed 
the lower boundary at 12,300 B.P. and the upper 
boundary at 11,850 B.P. In the time-stratigraphic 
scheme of Dreimanis and Karrow (1972), elaborated by 
Evenson and Dreimanis (1976), the boundary between 
the Port Huron stadial and the Two Creeks in- 
terstadial of their Late Wisconsinan Substage was 
placed at 12,500 B.P. and the boundary betweeen the 
Two Creeks interstadial and the Valders stadial was 
placed at 11,850 B.P. (table 1).

On the basis of the estimated radiocarbon ages of 
events on the correlation chart (pi. 1), it seems likely 
that initial deposition of lake sediments on Woodfordian 
till at the Two Creeks type section occurred no earlier 
than 12,400 B.P., and perhaps later than 12,300 B.P. 
Deposition of Two Rivers Till on the lake sediments 
that overlie the buried forest probably occurred no 
later than 11,500 B.P. Consequently, the Woodfordian- 
Twocreekan and Twocreekan-Valderan Substage time 
boundaries of Frye, Willman, Rubin, and Black (1968) 
are shown as solid horizontal lines on the chart, and 
alternative time boundaries based on correlations on 
the chart are shown as dashed diagonal lines. Accord­ 
ingly, the Port Huron stadial-Two Creeks interstadial 
and Two Creeks interstadial-Valders stadial time 
boundaries of Evenson and Dreimanis (1976) are 
shown as solid horizontal lines and alternative time 
boundaries are shown as dashed diagonal lines.

RADIOCARBON AGES

The radiocarbon ages on the chart (pi. 1) and in table 
2 are from terrestrial, freshwater, and marine 
materials. Some of the ages have been inferred by 
other authors to be incorrect on geochemical, 
stratigraphic, or other grounds. Other ages have been 
discredited in the literature because they are incom­ 
patible with interpretations of the authors, rather than 
because of cited geochemical or stratigraphic evidence.
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FIGURE 2.—Map of late Wisconsinan (Woodfordian) ice-flow patterns in the central and eastern Great Lakes region. Paths of ice move­ 
ment and the locations of sutures between ice lobes changed through time, and deposits of adjacent ice lobes locally overlap one 
another in vertical succession. Arrows indicate very generalized ice flow paths.
1 Green Bay lobe 5 Georgian Bay sublobe 8 Erie lobe 11 Scioto sublobe
2 Michigan lobe 6 Lake Simcoe sublobe 9 Grand River sublobe 12 Miami sublobe
3 Saginaw sublobe 7 Ontario lobe 10 Killbuck sublobe 13 East White sublobe
4 Huron lobe

Marl ages commonly are too old relative to peat and 
wood ages, and the reliability of most bone ages is 
uncertain. Marine-shell ages may be too old relative to 
peat and wood ages, in some instances (Note 38). Basal 
sediments in bogs appear to be too old in some in­ 
stances and too young in others. In still other in­ 
stances bog-bottom ages appear to be reliable, but the 
basal organic sediment is 1,000-3,000 years younger 
than the underlying glacial or postglacial sediments. 
Consequently, nearly all the ages on the chart that are 
from basal organic sediments in bogs are considered to 
be minimum ages of glacial or deglacial events, and

there is no reason to assume that any of them closely 
limit the ages of the underlying sediments. Table 2 
lists selected references for the radiocarbon ages on the 
chart. These sources should be consulted to evaluate 
the stratigraphic significance and reliability of the 
ages.

All the radiocarbon ages on plate 1 are included in 
table 2 and all ages in the table are on the chart. Many 
of the ages shown on plate 1 and in table 2 are not 
discussed under "Supplementary Notes," however.

The radiocarbon ages on the chart and in table 2 
were calculated on the basis of a Libby half-life value of
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TABLE l.—Time-stratigraphic classifications in the Great Lakes region

•" m 
7000

LAKE MICHIGAN BASIN

FRYE AND 
OTHERS (1968)

EVENSON AND 
OTHERS (1976)

LAKES HURON, ERIE, AND 
ONTARIO BASINS, AND 
ST. LAWRENCE LOWLAND

DREIMANIS AND KARROW 
(1972); EVENSON AND 
DREIMANIS (1976)

LU UJ
>cc 
LU"- 
OLU

22,000

28,000-

>40,000-

FARMDALIAN 

SUBSTAGE

ALTONIAN

SUBSTAGE

< LU

< LU

INTERSTADE

NISSOURI 
STADE

PLUM POINT 
INTERSTADE

CHERRYTREE 
STADE

PORT TALBOT 
INTERSTADE

GUILDWOOD 
STADE

ST. PIERRE 
INTERSTADE

NICOLET 
STADE

23,000

32,000-

36,000

53,000

63,000

68,000 

- >70,000

5,570±30 years, with A.D. 1950 as the reference year. 
They must be multiplied by a factor of 1.03 to adjust 
them to the currently accepted Godwin half-life value 
of 5,730±40 years. All the ages are beyond the range

of dendrochronologic calibration. The errors assigned 
to most measurements are ± one-sigma standard 
deviations; some are ± two-sigma deviations. In most 
instances the uncertainty assigned to measured ages
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TABLE 2.—Selected radiocarbon ages and sources, central and eastern 
Great Lakes region and Hudson, Champlain, and St. Lawrence 
Lowlands, United States and Canada

Lab No. Age Sources

A-79-A 12,150±400 Shutter and Damon (1959); Black
and Rubin (1968).

A-79-B 12,000±400 Do.
C-308 10,877±740 Arnold «nd Libby (1951); Libby

(1955); Thwaites and Bertrand 
(1957); Hough (1958); Black 
and Rubin (1968).

C-365 11,437±770 Do.
C-366 11,097±600 Do.
C-536 12,168± 1,500 Do.
C-537 11,442±640 Do.
C-801 10,661±460 Libby (1954,1955); Hough (1958). 

11,284 ±600 Do.
DAL-4 14,400±430 Ogden and Hart (1976).
DAL-45 11,360±405 Do. 

11,600±250 Do.
DAL-47 13,520±270 Do.
DAL-51 16,650±900 Do.
DAL-65 13,300±310 Do.
DAL-130 11,255±230 Ogden and Hart (1977).
DAL-131 12,610±400 Do.
DAL-205 11,790±770 Do. 

11,920±770 Do.
DAL-1118 17.190±400 Do.
Gif-400 10,060±350 LaSalle and Rondot( 1967).
Gif-401 11,000±350 LaSaUe (1966); Mott (1968); De-

librias, Guillier, and Labeyrie 
(1969).

Gif-424 10,250±350 LaSaUe and Rondot (1967); De-
librias, Guillier, and Labeyrie 
(1969); LaSaUe and Elson 
(1975).

Gif-2106 10,300±185 Gangloff (1974); Delibrias, Guill-
ier, and Labeyrie (1974).

GrN-1696 10,450±180 de Vries and Barendsen (1958);
Elson (1962); corrected in
LaSalle (1966) and Mott
(1968).

GrN-1697 11,490±110 Do. 
GrN-2031 10,870±105 Do. 
GrN-2032 10,450±80 Do. 
GrN-2034 10,590±100 Do. 
GrN-2035 10,290±100 Do.

10,330± 100 Elson (1969b). 
GSC-61 10,340±130 Dyck and Fyles (1963); Gadd

(1964).
10,540±210 Do. 

GSC-63 11,410±150 Dyck and Fyles (1963); Gadd
(1964, 1971); Gadd, LaSaUe,
Dionne, Shilts, and McDonald
(1972). 

GSC-70 10,600±170 Dyck and Fyles (1963); Gadd
(1971). 

GSC-90 10,870±130 Dyck and Fyles (1963); Mott
(1968); Gadd (1971). 

GSC-102 12,720±170 Lee (1963b); Dyck and Fyles
(1963); Gadd (1964, 1971);
Gadd, McDonald, and Shilts
(1972); Gadd, LaSaUe, Dionne,
Shilts, and McDonald (1972).

TABLE 2.— Selected radiocarbon ages and sources— Continued

Lab No.

GSC-119

GSC-187

GSC-211

GSC-264

GSC-270
GSC-312

GSC-314

GSC-330

GSC-382
GSC-419

GSC-420

GSC-454

GSC-475

GSC-475-2

GSC-482

GSC-505

GSC-570

GSC-587
GSC-588
GSC-61 1

GSC-620

GSC-623

GSC-625
GSC-626
GSC-649

Age

10,460±160

10,740±170
11,410±150

11,860±170

10,040±150

10,390±160
12,640±190

10,050±390

10,200±180

11,300±160
12,570±220

11,020±330

10,420±150

11,530±160

11,300±170

10,880±260

11,880±180

10,800±150

10,620±200
10,880±160
11,380±170

12,190±230

10,720±150

11,350±260
11,760±310
11,180±180

Sources

Dyck and Fyles (1964); Mott
(1968).

Do.
Gadd (1964); Dyck, Fyles, and

Blake (1965); Gadd,
McDonald, and Shilts (1972).

Dreimanis (1964a); Dyck, Low-
don, Fyles, and Blake (1966);
Lewis, Anderson, and Berti
(1966).

Dyck, Lowdon, Fyles, and Blake
(1966).

Do.
Gadd (1964); Dyck, Lowdon,

Fyles, and Blake (1966);
McDonald and Shilts (1971);
Gadd, McDonald, and Shilts
(1972); Gadd, LaSaUe, Dionne,
Shilts, and McDonald (1972).

Dyck, Lowdon, Fyles, and Blake
(1966).

Lewis, Anderson, and Berti
(1966); Lowdon, Fyles, and
Blake (1967); Calkin (1970).

Do.
Terasmae and LaSaUe (1968);

Lowdon and Blake (1968);
McDonald and Shilts (1971);
Gadd, McDonald, and Shilts
(1972); Gadd, LaSaUe, Dionne,
ShUts, and McDonald (1972).

Lowdon, Fyles, and Blake (1967);
McDonald (1968b); Gadd,
McDonald, and Shilts (1972).

Dyck, Lowdon, Fyles, and Blake
(1966); Mott (1968).

Lowdon, Fyles, and Blake (1967);
McDonald (1968b); Gadd,
McDonald, and Shilts (1972).

McDonald (1968b); Lowdon and
Blake (1970); McDonald and
Shilts (1971); Gadd,
McDonald, and Shilts (1972).

Terasmae and LaSaUe (1968);
Lowdon and Blake (1968).

Lowdon, Fyles, and Blake (1967);
McDonald (1968b); Gadd,
McDonald, and Shilts (1972).

Mott (1968); Lowdon and Blake
(1970).

Do.
Do.

Dreimanis (1968b); Lowdon and
Blake (1968).

Lowdon and Blake (1968); Teras­
mae, Karrow, and Dreimanis
(1972).

Lowdon, Fyles, and Blake (1967);
Mott (1968).

Lowdon and Blake (1968).
Do.
Do.
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TABLE 2.—Selected radiocarbon ages and sources—Continued

Lab No. Age Sources

GSC-679 11,020±170 Do.
GSC-762 11,100±270 Do.
GSC-765 10,500±180 Do.
GSC-842 11,600±150 Henderson (1969b); Lowdon and

Blake (1970); Richard (1974, 
1975b).

GSC-890 10,700±160 Lowdon, Robertson, and Blake
(1971).

GSC-936 12,000±230 McDonald (1968b); Lowdon and
Blake (1970); McDonald and 
Shilts (1971); Gadd, 
McDonald, and Shilts (1972).

GSC-982 11,300±180 Lowdon and Blake (1970); Rich­ 
ard (1975b).

GSC-1013 11,800±210 Henderson (1969b); Lowdon and
Blake (1970); Gadd, 
McDonald, and Shilts (1972).

GSC-1096 12,800± 1,230 Lowdon and Blake (1973).
GSC-1104 12,000±160 Gadd, LaSalle, Dionne, ShUts,

and McDonald (1972).
GSC-1108 10,150±190 Lewis (1970); Lowdon, Robert- 

son, and Blake (1971).
GSC-1111 10,200±150 Karrow, Anderson, Clarke, De-

lorme, and Sreenivasa (1975).
GSC-1126 10,500±150 Do.
GSC-1127 10,600±160 Do.
GSC-1151 13,900±210 Lowdon and Blake (1973).
GSC-1156 12,500±800 Cowan, Karrow, Cooper, and

Morgan (1975).
GSC-1232 11,100±160 LaSalle, Hardy, and Poulin

(1972); Gadd, McDonald, and 
Shilts (1972); Gadd, LaSalle, 
Dionne, Shilts, and McDonald 
(1972); LaSalle and Elson
(1975); Lowdon and Blake
(1976).

GSC-1235 11,600±160 Do.
GSC-1248 11,200±200 Shilts (1969, 1970); Gadd, Mc­ 

Donald, and ShUts (1972).
GSC-1275 10,100±240 Harrison (1972); Lowdon and

Blake (1975).
GSC-1289 11,000±240 Shilts (1969, 1970); Gadd, Mc­ 

Donald, and Shilts (1972).
GSC-1294 11,200±160 Do.
GSC-1295 11,200±160 LaSalle, Hardy, and Poulin

(1972); Gadd, LaSalle, Dionne, 
ShUts, and McDonald (1972); 
LaSaUe and Elson (1975); 
Lowdon and Blake (1976).

GSC-1339 14,900±220 ShUts (1969, 1970); Gadd, Mc­ 
Donald, and ShUts (1972).

GSC-1344 13,000±290 LaSalle (1966); Gadd, McDonald,
and Shilts (1972); Gadd, 
LaSalle, Dionne, ShUts, and 
McDonald (1972); Lowdon and 
Blake (1973,1975).

GSC-1353 10,700±310 Gadd, McDonald, and Shilts
(1972).

GSC-1355 10,800±300 Lowdon and Blake (1973).
GSC-1357 10,900±330 Do.
GSC-1363 11,800±400 Harrison (1972).

TABLE 2.— Selected radiocarbon ages and sources— Continued

Lab No.

GSC-1366

GSC-1374
GSC-1404

GSC-1405
GSC-1429

GSC-1444

GSC-1451

GSC-1476

GSC-1526

GSC-1533

GSC-1553

GSC-1612
GSC-1644

GSC-1646

GSC-1664

GSC-1672

GSC-1684
GSC-1700
GSC-1715
GSC-1729
GSC-1739
GSC-1740

GSC-1772

GSC-1803
GSC-1805
GSC-1859

GSC-1968

GSC-2045
GSC-2090

Age

10,600±150

11,200±170
12,700±280

10,000±230
11,400±280

11,500±180
10,100±150

10,000±150

11,200±170

11,600±630

12,400±160

10,000±320

11,500±150
10,300±200

12,200±160

11,100±160

11,200±160

10,300±150
10,200±160
10,800±360
11,300±160
10,000±150
10,900±160

11,900±160

12,400±170
11,300±140
12,800±220

10,200±90

11,100±90
10,600±160

Sources

Karrow, Anderson, Clarke, De-
lorme, and Sreenivasa (1975);
Lowdon and Blake (1976).

Do.
Gadd, McDonald, and Shilts

(1972).
Lowdon and Blake (1973).
Harrison (1972); Lowdon and

Blake (1973).
Lowdon and Blake (1973).
Gadd, McDonald, and Shilts

(1972); Gadd, LaSalle, Dionne,
ShUts, and McDonald (1972);
Lowdon and Blake (1975);
Ochietti(1976).

Gadd, McDonald, and Shilts
(1972); Gadd, LaSalle, Dionne,
ShUts, and McDonald (1972).

Gadd, LaSalle, Dionne, Shilts,
and McDonald (1972); LaSalle
and Elson (1975).

Gadd, McDonald, and ShUts
(1972); Gadd, LaSaUe, Dionne,
ShUts, and McDonald (1972);
LaSaUe and Elson (1975); Oc-
chietti (1976); age corrected in
Lowdon and Blake (1975).

Gadd, LaSaUe, Dionne, ShUts,
and McDonald (1972); Lowdon
and Blake (1973); LaSaUe and
Elson (1975); Richard and
Poulin (1976).

Lowdon and Blake (1973, 1976);
Richard (1975b).

Lowdon and Blake (1975).
Karrow, Anderson, Clarke, De-

lorme, and Sreenivasa (1975);
Lowdon and Blake (1976).

Lowdon and Blake (1973); Rich­
ard (1974, 1975b).

Richard (1975a); Lowdon and
Blake (1975).

Lowdon and Blake (1973); Rich­
ard (1975b).

Lowdon and Blake (1973).
Occhietti(1976).
Saarnisto(1974).
Occhietti(1976).

Do.
Karrow, Anderson, Clarke, De-

lorme, and Sreenivasa (1975);
Lowdon and Blake (1975).

Lowdon and Blake (1973); Rich­
ard (1974, 1975b).

Lowdon and Blake (1975).
Do.

Richard (1974, 1975b); Gadd
(1976).

Gadd (1976); Lowdon and Blake
(1976).

Occhietti(1976).
Do.
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TABLE 2.—Selected radiocarbon ages and sources—Continued

Lab No. Age Sources

GSC-2101 10,300±100 Do. 
GSC-2108 11,200±100 Richard (1975b). 
GSC-2150 10,200±90 Occhietti(1976). 
GSC-2151 12,700±100 (S. H. Richard, Geological Sur­ 

vey Canada, per V. K. Prest,
written commun., 1976). 

12,800±100 Do. 
GSC-2213 13,100±110 Gravenor and Stupavsky (1976);

Lowdon and Blake (1976). 
GSC-2312 10,900± 100 Cronin (1976); Lowdon and Blake

(1976). 
GSC-2338 11,900±120 T. C. Cronin (written commun.,

1976).
GSC-2366 11,800±150 Do. 
Gx-205 10,415±145 Krueger and Weeks (1966). 
Gx-206 10,930±150 Do. 
Hel-400 10,650±265 Saarnisto(1974). 
KGSQ-ll 10,150±450 Harrow, Clarke, and Terasmae

(1961); Walton, Trautman, and
Friend (1961); Harrow (1963);
Lewis, Anderson, and Berti
(1966). 

KGSQ-29 11,950±350 Walton, Trautman, and Friend
(1961); Harrow (1963). 

1-491 10,300±250 Parry (1963); Parry and Mac-
Pherson (1964); Hillaire-Marcel
(1974a). 

1-838 12,100±400 Buckley, Trautman, and Willis
(1968); Calkin (1970). 

1-1223 10,200±500 Terasmae and Mirynech (1964);
Dyck, Lowdon, Fyles, and
Blake (1966). 

1-2917 11,200±170 Ogden and Hay (1973).
1-3175 12,900±200 Calkin (1970).
1-3199 12,400±200 ConnaUy and Sirkin (1969,1971).
1-3290 11,800±730 MiUer(1973).
1-3647 11,230±170 Wagner (1969); Buckley and

Willis (1970). 
1-3665 12,730±220 Calkin and McAndrews (1969);

Calkin (1970); Buckley (1976).
1-3785 10,000±160 Funk, Fisher, and Reilly (1970). 
1-4016 10,950±150 Funk, Fisher, and Reilly (1970);

Buckley and Willis (1970).
1-4040 12,600±170 Sly and Lewis (1972). 
1-4041 11,080±160 Do. 
1-4043 13,800±250 Calkin (1970).
1-4137 12,530±370 Funk, Walters, Ehlers, Guilday,

and ConnaUy (1970); Funk, 
Fisher, and Reilly (1970); 
Buckley and Willis (1972).

1-4216 14,900±450 Calkin (1970).
1-4288 10,550±220 Cowan, Harrow, Cooper and

Morgan (1975).
1-4652 15,950±850 Do.
1-4899 13,770±210 Burgis (1970); Buckley and

Willis (1972); Farrand and 
Eschman(1974).

1-4986 13,150±200 ConnaUy and Sirkin (1971).
1-5080 11,050±160 Buckley and Willis (1972).
1-5137 10,460±150 Stone and Thompson (1971).

TABLE 2.— Selected radiocarbon ages and sources— Continued

Lab No.

1-5200
1-5663
1-8022
ISGS-72
ISGS-75
ISGS-76
ISGS-120
ISGS-226
ISGS-348
IU-20
IU-62
L-231

L-604-A

L-604-B
L-604-C

L-604-D
L-606-A
L-607-A

L-609

L-639-B

L-639-C

L-1064

L-1141

L-1157-A
M-139

M-223
M-224
M-288-A

M-300
M-342

M-343
M-350

M-507
M-639

M-1102
M-1254

M-1361
M-1402

M-1603
M-1626

Age

10,280±270
12,270±180
12,610±200
14,290±130
12,500±120
12,020±110
11,740±90
11,110±220
10,050±
10,150±250
12,400±300
10,890±200

10,700±200

10,550±200
10,600±200

10,200±200
11,950±200
11,850±100

12,000 ±200

11,320±200

11,790±100

11,890±100
12,800±400

13,300±400
12,500±600

12,850±250
12,630± 1,000

11,450±600
11,450±600
11,200±600

12,336±700
10,700±600

10,400±600
12,600±600

12,200±700
13,200±600

12,660± 1,000
10,700±400

11,400±400
11,100±400

11,800±400
11,800±350

Sources

Weiss (1974).
Newman and Pike (1975).
Buckley (1976).
Totten (1973); Coleman (1973).
Coleman (1973).

Do.
Coleman (1974).
Coleman and Liu (1975).
Totten (1976).
Wayne(1968).
Schneider and Reshkin (1970).
Broecker and Kulp (1957); Min-

ard and Rhodehamel (1969).
Olson and Broecker (1961); Mott

(1968).
Do.

Dyck and Fyles (1962); Mott
(1968).

Do.
Newman and Pike (1975).
Broecker and Farrand (1963);

Black and Rubin (1968).
Thurber, Broecker, and Kauf-

man (1967).
Gadd (1964); Mott (1968); Rich­

ard (1975b).
Broecker and Farrand (1963);

Black and Rubin (1968).
Do.

Farrand, Zahner, and Benning-
hoff(1969).

Do.
Newman, Thurber, Zeiss, Ro-

kach, and Musich (1969).
ConnaUy and Sirkin (1970).
Crane and Griffin (1958); Wayne

(1963).
Crane (1956).

Do.
Zumberge and Potzger (1956);

Crane (1956); Hough (1958);
Broecker and Farrand (1963).

Crane and Griffin (1958).
Crane (1956); Thwaites and Ber-

trand (1957); Hough (1958);
Black and Rubin (1968).

Do.
Crane (1956); Goldthwait (1958);

Wayne (1963).
Crane and Griffin (1958).
Crane and Griffin (1959); Ben-

ninghoff and Hibbard (1961).
Crane and Griffin (1962).
Oltz and Kapp (1963); Crane and

Griffin (1965).
Crane and Griffin (1966).
Crane and Griffin (1964); Sem-

ken, Miller, and Stevens
(1964).

Crane and Griffin (1966).
Do.
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TABLE 2.— Selected radiocarbon ages and sources— Continued

Lab No.

M-1743
M-1745
M-1746
M-1753-2
M-1753-3
M-1780
M-1781
M-1782
M-1807
M-2147
M-2186
OWU-83
OWU-126
OWU-165 
OWU-166-A
OWU-168 
OWU-168-A

OWU-168-B 
OWU-189
OWU-201

OWU-240

OWU-241

OWU-242
OWU-302
OWU-304
OWU-487

QC-149
QC-153
QC-199
QC-200
QU-50
QU-51
QU-55
QU-73
QU-74
QU-75

QU-93
QU-112
RL-157

S-29

S-30

S-31

S-172

Age

11, 200 ±400
10,450±400
10,730±400
10,700±350
10,700±350
10,750±400
10,750±400
10,400 ±400
10,890±350
11,550±400
10,300±340
14,780±192
10,654±188
10,680±210 
10,770±100
13,911±418 
13,530±420 
15,172±746
14,790+420 
11,500±360
10,330±435

11,750±270

12,670±270
13,375±610
14,295±610
13,265±520
10,915±205
10,595±370
10,890±275

11,590±265
11,230±200
10,300±180
11,665±175
10,500±270
11,340±300
11,050±460
10,000±170
10,430±220
10,700±210

12,230±250
12,120±260
13,470±850

11,400±450

12,000±500

12,660±440

12,000±200

Sources

Crane and Griffin (1968).
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Crane and Griffin (1972).
Do.

Ogden and Hay (1965).
Do.

Ogden and Hay (1967). 
Do.

Sears (1967). 
Ogden and Hay (1967). 
Sears (1967).
Ogden and Hay (1967). 

Do.
Gilliam, Kapp, and Bogue (1967); 

Ogden and Hay (1967).
Ogden and Hay (1969); Williams

(1974).
Do.
Do.
Do.
Do.

Ogden and Hay (1969).
Do.

Ogden and Hay (1973); Ogden
and Hart (1976).

Pardi (1977).
Do.

Cronin(1977); Pardi (1977).
Do.

Hillaire-Marcel(1973, 1974a).
Do.

Richard and Poulin (1976).
Rondot(1974).
Hillaire-Marcel(1973, 1974a).
Hillaire-Marcel (1973, 1974a);

Lowdon and Blake (1975).
Richard and Poulin (1976).

Do.
Newman (1973); Newman and

Pike (1975); Tucek (1977).
McCallum and Dyck (1960); Drei-

manis (1966a); Lewis, Ander-
son, and Berti (1966).

McCallum and Dyck (1960); Drei-
manis(1966a).

McCallum (1955); Dreimanis and
Terasmae (1958); Dreimanis
(1958, 1966a, 1966b); Calkin
(1970).

Dreimanis (1964b); McCallum
and Wittenburg (1965); Dyck,
Fyles, and Blake (1966); Lewis,
Anderson, and Berti (1966).

TABLE 2

Lab No.

V-29
W-33

W-42

W-57
W-58

W-64

W-65

W-83

W-140

W-161 
W-167

W-198

W-346

W-365
W-426
W-430

W-507

W-670

W-698
W-861

W-883

W-1038

W-1109

W-1230

W-1847

W-1889

W-2251

—Selected radiocarbon ages and sources— Continued

Age

11,660±135
13,600±500

11,350±120

12,380±370
12,380±370

13,140±400

13,020±400

11,410±180

12,650±350

12,200±350 
10,860±350

14,300±450

13,000±300

14,000±350
10,700±300
12,920+400

12,000±300

12,200±400

11,550+300
12,660+400

12,080±300

10,450±400

10,560±350

10,650±350

12,500±500

12,570±500

11,220±400

Sources

Bermingham ( 1 966).
Suess (1954); Flint and Rubin

(1955); Hough (1958);
Goldthwait (1958); Dreimanis
(1966b); Calkin (1970).

Suess (1954); Hough (1958);
Black and Rubin (1968).

Suess (1954); Goldthwait (1958).
Suess (1954); Flint and Rubin

(1955); Wayne (1963).
Suess (1954); Flint and Rubin

(1955); Thornbury (1958);
Wayne (1963).

Suess (1954); Flint and Rubin 
(1955); Goldthwait (1958);
Wayne (1963). 

Suess (1954); Hough (1958); 
Black and Rubin (1968).

Rubin and Suess (1955); Flint 
and Rubin (1955); Hough
(1958). 

Do. 
Rubin and Suess (1955); Zum-

berge and Potzger (1956);
Hough (1958); Broecker and
Farrand(1963).

Rubin and Suess (1955); Flint
and Rubin (1955); Goldthwait
(1958).

Rubin and Alexander (1958);
Droste, Rubin, and White
(1959); White, Totten, and
Gross (1969).

Do.
Rubin and Alexander (1958).
Goldthwait (1958); Rubin and

Alexander (1958); Dreimanis
(1966b); Calkin (1970).

Rubin and Alexander (1960);
Muller (1960, 1963); Calkin
(1970).

Rubin and Alexander (1960);
Bkck and Rubin (1968).

Do.
Rubin and Alexander (1960);

Calkin (1970).
Rubin and Berthold (1961); Calkin

(1970).
Ives, Levin, Robinson, and Rubin

(1964).
Ives, Levin, Robinson, and Rubin

(1964); Denny (1974).
Levin, Ives, Oman, and Robin

(1965).
Farrand, Zahner, and Benning-

hoff(1969).
Farrand, Zahner, and Benning-

hoff (1969); Marsters, Spiker,
and Rubin (1969).

Spiker, Kelley, Oman, and Rubin
(1977).
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TABLE 2.—Selected radiocarbon ages and sources—Continued

Lab No. Sources

W-2309 10,950±300 Wagner (1972).
W-2311 11,420±350 Do.
W-2562 12,300±300 Sirkin and Minard (1972).
WIS-2 12,800±450 Bender, Bryson, and Baerreis

(1965).
WIS-347 12,410±100 Maher (1970); Bender, Bryson,

and Baerreis (1970); Evenson 
and Mickelson (1974).

WIS-462 12,360±125 Bender, Bryson, and Baerreis
(1971); Evenson and Mickel­ 
son (1974).

WIS-507 12,060±120 Bender, Bryson, and Baerreis
(1975).

WIS-614 11,295±110 Ogden and Hart (1977). 
11,425±110 Do.

WIS-640 10,225±85 Bender, Bryson, and Baerreis
(1975).

WIS-641 11,620±110 Do.
WIS-646 10,440±95 Do.
WIS-663 15,215±115 Do.
WIS-664 11,845±115 Do.
WIS-672 11,295±110 Do. 

11,425±110 Do.
WIS-676 13,065±125 Bender, Bryson, and Baerreis

(1975); Odgen and Hart (1977). 
13,195±125 Do.

Y-215 10,630±330 Preston, Person, and Deevey
(1955); Hough (1958); Gadd 
(1964,1971); Mott (1968).

Y-216 10,850±330 Preston, Person, and Deevey
(1955); Hough (1958); Mott 
(1968); Gadd (1971).

Y-227 11,130±350 Preston, Person, and Deevey
(1955); Thwaites and Bertrand 
(1957); Hough (1958); Black 
and Rubin (1968).

Y-233 11,370±360 Preston, Person, and Deevey
(1955); Hough (1958); Gadd 
(1964).

Y-240 12,800±250 Barendsen, Deevey, and Gralen-
ski (1957); Goldthwait (1958); 
Hough (1958).

Y-293-A 10,790±2QO Preston, Person, and Deevey
(1955); corrected in Flint
(1956) and Hough (1958). 

Y-293-B 10,550±150 Preston, Person, and Deevey
(1955); Flint (1956); Hough
(1958); Broecker and Farrand
(1963). 

Y-460 11,410±410 Cox (1959); Deevey, Gralenski,
and Hoffren (1959).

Y-691 11,570±260 Stuiver, Deevey, and Gralenski
(1960); Karrow, Clark, and 
Terrasmae (1961); Karrow 
(1963); corrected in Stuiver 
(1969).

Y-1558 10,560±160 LaSaUe (1966); Mott (1968).
Y-1893 13,660±200 Williams (1974).
Y-2619 13,320±200 Coates, Landry, and Lipe (1971).

TABLE 2.—Selected radiocarbon ages and sources—Continued

Lab No. Age Sources

Laboratory numbers not designated

Gx

TEN

I

10,200±400
10,305±78
10,900±

11,700±250

11,900±350

12,000±190

Schaffel(1971).
Sly and Lewis (1972).
Calkin, Brett, and Krajewski

(1975).
Tovell and Deane (1966); Har-

rison (1972).
Stoutamire and Benninghoff

(1964); Dorr and Eschman
(1970).

Maher(1970); Lasca(1970b); Ev-
enson and Mickelson (1974).

includes only the experimental standard deviations of 
the count rate of the sample, the modern standard 
(commonly 95 percent National Bureau of Standards 
oxalic-acid standard), and the background. In some in­ 
stances the ages have been corrected for carbon- 
isotope fractionation, the de Vries effect, modern 
surface-sample age anomalies, and other factors. The 
references in table 2 should be consulted to determine 
the method of calculation of the age and error of a 
specific sample.

The ages of the youngest events in chart columns 1 
through 5 (pi. 1) are not closely controlled by radio­ 
carbon age measurements. An age of 10,000 B.P. was 
arbitrarily chosen as a younger limit of ages included 
on the chart; all radiocarbon ages younger than 10,000 
B.P. have been omitted from the chart and table 2.

If replicate ages have been reported for a sample, all 
the measured ages older than 10,000 B.P. are shown on 
the chart and in table 2. Many authors have referenced 
only the oldest of replicate ages, although the oldest 
age is not necessarily more reliable than other 
measurements. If corrections for modern surface- 
sample age anomalies have been applied to measured 
ages, both the measured ages and the corrected ages 
are listed on the chart (pi. 1) and in table 2.

The nonlinear time scale on the left and right side of 
the chart (pi. 1) (estimated 14C age) was constructed on 
the basis of the radiocarbon ages on the chart and 
time-distance diagrams of ice-margin fluctuations in 
different glacial lobes. Vertical spacing of events on 
the chart was dictated by space requirements of the 
included information.

Placement of radiocarbon ages on the chart was 
governed by the stratigraphic positions of the samples 
in relation to sediments that record specific events and 
by the chronologic restraints imposed by stratigraphic 
considerations. Placement was not necessarily dic­ 
tated by the significance assigned to the ages by other 
authors.
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Most radiocarbon ages place constraints on the age 
of one or more events, but do not necessarily provide 
the age of an event. Radiocarbon ages that provide 
critical maximum or minimum ages for events are 
listed on the chart as "greater than" or "less than," 
depending upon the stratigraphic relationships of the 
samples to sediments that record specific events. Ages 
that possibly are merely bracketing ages but may ac­ 
tually date an event are listed as "greater than or equal 
to" or "less than or equal to." For example, in column 
2, GSC-1111 and GSC-1644 are from stratigraphic 
horizons that postdate extinction of Late Lake Algon- 
quin; consequently, the age of Late Lake Algonquin is 
shown as >10,200±150 (GSC-1111) and >10,300±200 
(GSC-1644). Samples GSC-1126 and GSC-1127 are 
from horizons that may postdate Late Lake Algonquin 
extinction or may have been deposited shortly prior to 
extinction; consequently, the age of Late Lake Algon­ 
quin also is shown as >10,500±150 (GSC-1126) and 
>10,600±160 (GSC-1127).

The resolution of radiocarbon age measurements is 
insufficient to permit radiocarbon ages to be used as a 
principal basis of a chronologic or correlation scheme 
in the Great Lakes region, in spite of the assumed ac­ 
curacy of measured ages and the precision implied by 
the statistical errors of measured ages. If only a single 
age is available for an event, it is tempting to use that 
age as the basis for correlation with an event repre­ 
sented by a similar radiocarbon age in another region. 
If three or more ages are available for an event, com­ 
monly they are not internally consistent, thus making 
more than one correlation on the basis of measured 
ages possible. In some instances the precise age of an 
event has become increasingly obscure as more 
radiocarbon ages have been obtained (for example, see 
Lake Wayne in column 3 on plate 1).

Many of the radiocarbon ages on plate 1 are ages of 
basal organic materials in bogs or swamps that overlie 
sediments that are records of glacial or deglacial 
events. As such, the organic materials provide 
minimum ages of the events. Most of the minimum 
ages of end moraines and tills in columns 2 and 3 on 
plate 1 are bog ages. Nearly all the latter ages are 
1,000-5,000 radiocarbon years younger than the infer­ 
red ages of the end moraines or tills. It is apparent that 
very few bog-bottom ages in Indiana, Michigan and 
Ohio provide closely limiting ages of glacial or 
deglacial events and that no specific span of time can 
be assumed to have intervened between deglaciation 
and initial deposition of organic materials in bogs and 
swamps. Consequently, there is no reason to assume 
that any of the bog-bottom ages in columns 4, 5, and 9 
on plate 1 necessarily provide closely limiting ages of 
deglacial events in New Jersey and New York.

GLACIAL TILLS

Most of the tills from the United States are desig­ 
nated by informal names on the chart because they 
have not been described and defined as formal rock- 
stratigraphic units in accordance with specifications of 
the Code of Stratigraphic Nomenclature (American 
Commission on Stratigraphic Nomenclature, 1961). All 
informal names of tills are enclosed in quotation 
marks. The following tills are recognized here as 
formal rock-stratigraphic units.

a. The Wadsworth and Haeger Till Members of the Wedron For­ 
mation, Illinois (Willman and Frye, 1970; Frye and Willman,
1975), 

b. The Shorewood and Manitowoc Till Members of the Wedron
Formation, Illinois (Lineback and others, 1974), 

c. The Two Rivers Till, Wisconsin (Evenson, 1973a, 1973b), 
d. The New Holland Till Member of the Lagro Formation, Huron

lobe, Indiana (Wayne, 1963,1968),
e. The Hayesville Till, Killbuck sublobe, Ohio (White, 1961, 1967), 
f. The Lavery, Hiram, and Ashtabula Tills, Grand River sub- 

lobe, Ohio, and Erie lobe, Pennsylvania (Shepps and others, 
1959; White, 1960,1961,1969; White and others, 1969).

The following tills are recognized as informal rock- 
stratigraphic units on the chart (pi. 1) and in the "Sup­ 
plementary Notes" section:

a. The Port Huron till, Huron lobe and Saginaw sublobe, Michi­ 
gan (Dorr and Eschman, 1970; Farrand and Eschman, 1974);

b. The Tymochtee and Lake tills, Erie lobe, Ohio (Goldthwait 
and Rosengreen, 1969; Dreimanis and Goldthwait, 1973);

c. The Darby till, Scioto sublobe, Ohio (Goldthwait and others, 
1965; Goldthwait and Rosengreen, 1969; Dreimanis and 
Goldthwait, 1973; Rosengreen, 1974);

d. The Centerburg till, Scioto sublobe, Ohio (Forsyth, 1961, 1967);
e. The Lake Escarpment and Valley Heads tills, Erie and Ontario 

lobes, New York (Muller, 1963, 1965a; Calkin, 1970; Coates,
1976); 

f. The Mohawk and Indian Castle tills, Mohawk Lowland and
northern Appalachian Plateau, New York (LaFleur, 1969;
Fullerton, 1971; Krall, 1972,1977; Coates, 1976); 

g. The Malone and Fort Covington tills, Black River Lowland
and St. Lawrence Lowland, New York (MacClintock, 1954a,
1958; MacClintock and Terasmae, 1960; MacClintock and
Stewart, 1965); 

h. The Shelburne and Burlington tills, Vermont (Stewart and
MacClintock, 1969,1970,1971).

None of these tills has been defined according to provi­ 
sions of Articles 4, 10, and 13 of the Code of 
Stratigraphic Nomenclature (American Commission 
on Stratigraphic Nomenclature, 1961).

The "Centerburg till" was defined solely on the basis 
of the areal distribution of a surface-soil catena. The 
"till" was not described or defined in terms of 
lithology, texture, or stratigraphic position, and no 
evidence was presented to demonstrate that the "till" 
with the distinctive soil profile is younger than other 
"tills" in the same region on which other soil catenas 
have developed (Forsyth, 1961, 1967).
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The terms "Lake Escarpment till" and "Valley 
Heads till" refer to the material (till) that comprises 
the several imbricated end moraines in the Lake 
Escarpment and Valley Heads moraine systems. The 
end moraines in the respective systems are composed 
of or are veneered by different (unnamed) rock-strati- 
graphic units in different places. The terms are not ap­ 
plied to the same materials (tills) in the lowlands north 
of the moraine systems. The terms "Lake 
Escarpment" and "Valley Heads" have a morphologic 
(physiographic) connotation; they have no rock-strati- 
graphic significance.

The Malone and Fort Covington tills are discussed in 
Supplementary Note 36, and the Shelburne and 
Burlington tills are discussed in Supplementary Note 
45.

Problems of application of stratigraphic terminology 
to glacial and deglacial sediments are many and com­ 
plex (Frye and Leonard, 1953; Luttig, 1958, 1965; 
Richmond, 1959; Morrison, 1968; Jardin, 1972; 
Mangerud and others, 1974). For example, till is 
deposited during recession of an ice margin as well as 
during its advance. In practice, the time interval repre­ 
sented by deglacial or nonglacial sediments (outwash, 
lake sediments, loess, alluvium) between two tills at a 
specific locality is referred to as an interstadial. If an 
ice margin readvanced following an interval of signifi­ 
cant recession, initial deposition of the younger till at 
some localities occurred during the later part of an 
interstadial at other localities. Boundaries between 
tills that occur in stratigraphic succession are assigned 
to a single time on the chart; consequently, the bound­ 
aries are shown to coincide with times of maximum ice- 
margin recession—that is, at the times of initial read- 
vance of the ice margins.

Correlations of tills and correlations of end moraines 
are hampered by a lack of detailed stratigraphic infor­ 
mation from Michigan, northeastern Indiana, north­ 
western and north-central Ohio, New Jersey, and most 
of New York. Nearly all reconstructions of events in 
these regions must rely heavily upon morphologic 
criteria.

END MORAINES

All the end moraines listed on the chart were formed 
at least in part as a result of significant readvances or 
stillstands of ice margins; most were formed entirely 
as a result of a single readvance or stillstand. Although 
local evidence of overridden or palimpsest moraines is 
common in the Great Lakes region (White, 1962; 
Totten, 1969, 1973; Bleuer, 1974a; Karrow, 1974a), the 
same moraines in other places are composed of a single 
till. The author concurs with Wright's (1976, p. 128,

130) conclusion that "* * * there is no real reason to 
challenge the basic assumption of Chamberlin and the 
other early glacial geologists that a moraine represents 
a stillstand or sometimes a readvance of the ice * * *." 

Times of culmination of significant glacial read­ 
vances (represented in many instances by formation of 
end moraines, and in some instances only by till-sheet 
boundaries) are indicated on the chart (pi. 1) by a 
diagonal line pattern (/////,} beneath the names of 
the moraines (for example, the Outer Port Huron and 
Wyoming moraines in column 2). Many moraines that 
are not so designated also were formed as a result of 
readvances, but the magnitudes of the readvances are 
not known and the moraines may be products of local 
ice-margin fluctuations. Many named end moraines in 
the Great Lakes region and in the Lowlands are not 
listed on the chart.

ALTITUDES OF LAKE PHASES

Altitudes shown for many lake phases in the Michi­ 
gan, Huron, and Erie lake basins are those indicated 
by strand features south of hypothetical isobases of 
zero postglacial uplift. Others are extrapolated 
altitudes of water levels in so-called stable areas, as in­ 
ferred from reconstructed differential uplift profiles. 
Altitudes of Lakes Dana, Tonawanda, and Iroquois in 
western New York and glacial lakes in central New 
York and the Mohawk and Black River Lowlands are 
present altitudes of strands or lake outlets, as are 
altitudes of Early Lake Saginaw phases in the Lake 
Huron basin. Altitudes of Lakes Albany, Quaker 
Springs, Coveville, and Fort Ann I, in the Hudson and 
Champlain Lowlands, are the present altitudes of 
strands in the vicinity of Troy, N.Y., as reported by 
LaFleur (1965c) (Supplementary Note 40).

SUPPLEMENTARY NOTES

The numbered notes that accompany the chart (pi. 1) 
are intended to explain the reasons for selected cor­ 
relations and to focus attention on inconsistent inter­ 
pretations and selected unsolved problems. A detailed 
critique of previous correlation schemes, a systematic 
discussion of all the evidence on which the current cor­ 
relations are based, and a discussion of the relative 
merits of alternative interpretations of available data 
would require a monographic text and a much more 
comprehensive list of references than that presented 
here.

SELECTED REFERENCES

More than 2,500 references were consulted in com­ 
piling the chart. The selected references included here
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represent the spectrum of studied that were consulted 
in an attempt to obtain the observational field data 
necessary to propose detailed correlations of post-Erie 
interstadial events in the Great Lakes region and in 
the Hudson, Champlain, and St. Lawrence Lowlands. 
Many of the observational field data upon which 
earlier syntheses of Great Lakes history were based 
were published more than 50 years ago, and the 
original sources have not been referenced in more 
recent summaries. Unpublished dissertations, theses, 
open-file reports, and manuscripts also contain a large 
body of very significant field data. Consequently, 
selected important early publications by W. C. Alden, 
F. C. Baker, Frank Carney, A. P. Coleman, H. L. Fair- 
child, J. W. Goldthwait, W. A. Johnston, Frank 
Leverett, I. C. Russell, W. H. Sherzer, J. W. Spencer, 
F. B. Taylor, Warren Upham, and other pioneer 
workers, as well as more recent dissertations, theses, 
open-file reports, and manuscripts, are included in the 
list of references in the hope that they will be useful to 
students and other workers who may wish to 
rediscover the basic data upon which correlations have 
been based during the past half century.
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SUPPLEMENTARY NOTES
(Numbers correspond to circled numbers on plate 1)

NOTE 1

The name "Greatlakean Substage" was proposed as 
a replacement for the Valderan Substage (Evenson and

others, 1976; Evenson and Dreimanis, 1976). The in­ 
tent was to rename, rather than redefine, the substage 
(Evenson and others, 1976, 1978). Revision of the 
deglaciation history of the Lake Michigan basin also 
was proposed by Evenson and his colleagues. They 
suggested that (A) ice-margin recession during the 
Twocreekan Substage was not as extensive as for­ 
merly supposed (the Straits of Mackinac were not 
deglaciated); (B) the duration of the Twocreekan 
Substage was much shorter than previous workers had 
assumed, and the significance of the substage in 
Wisconsinan classification and chronology has been 
overemphasized; and (C) the magnitude of the post- 
Twocreekan glacial readvance (recorded by the Two 
Rivers Till) was not as great as previous workers had 
assumed. The latter interpretations are greatly depen­ 
dent upon the validity of the Gary-Port Huron 
(Mackinaw) interstadial age assigned to the 
Cheboygan bryophte bed in Michigan by Farrand, 
Zahner, and Benninghoff (1969); the age and correla­ 
tion of the bryophyte bed are not firmly established 
(Supplementary Notes 11 and 14).

NOTE 2

For review of the Valders controversy in Wisconsin 
and Michigan, see Black (1966, 1969, 1970a, 1974a, 
1974b, 1976, 1978), Maher (1970), Evenson (1972, 
1973a, 1973b), Mickelson (1973), Evenson, Eschman, 
and Farrand (1973b), Evenson, Farrand, and Eschman 
(1974), Evenson and Mickelson (1974), Mickelson and 
Evenson (1975), and Evenson, Farrand, Eschman, 
Mickelson, and Maher (1976, 1978). (Also see Supple­ 
mentary Notes 1 and 14.)

The Shorewood and Manitowoc Till Members of the 
Wedron Formation on the floor of Lake Michigan 
(Lineback and others, 1974) have not been traced on 
land to the type area of the Valders Till in Wisconsin 
(Evenson and others, 1976; Black, 1978), and the 
Valders controversy will not be solved until the 
stratigraphic relationship of the type Valders Till 
to the Shorewood and Manitowoc Till Members is 
determined.

NOTE 3

The name Two Rivers Till (Evenson, 1972, 1973a, 
1973b) is applied to the Michigan lobe till that overlies 
the Two Creeks buried forest in Wisconsin (Evenson 
and others, 1976; Evenson and Dreimanis, 1976; 
Johnson, 1976). The type Valders Till is assumed to be 
older than the Two Creeks forest.
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NOTE 4

The radiocarbon ages listed are from the type area of 
the Two Creeks forest and the Ernst Brothers section 
in the Michigan lobe area of Wisconsin. Ages from 
deposits of inferred correlative age in the Green Bay 
lobe are not included.

The Ernst Brothers section is approximately 125 km 
(kilometers) south of the Two Creeks section and is in a 
region that was not inundated by Lakes Chicago and 
Algonquin. The lower of two buried forests was cor­ 
related tentatively with the Two Creeks buried forest 
on the basis of pollen analysis, but initial growth of the 
lower forest may have antedated initial growth of the 
Two Creeks forest (Maher, 1970). The three radiocar­ 
bon ages from the Ernst Brothers section listed on the 
chart are 12,500±120 (ISGS-75), 12,410±100 
(WIS-347), and 12,000±190 (Isotopes, Inc). Note that 
ISGS-75 and WIS-347 are the two oldest 
"Twocreekan" ages listed. Only five measured 
radiocarbon ages from the Two Creeks buried forest 
are older than 12,000 B.P.: 12,200±400 (W-670), 
12,168±1,500 (C-536), 12,150±400 (A-79-A), 
12,060±120 (WIS-507), and 12,020±110 (ISGS-76). 
The standard deviations of the ages permit an assump­ 
tion that initial growth of the Two Creeks forest began 
no earlier than 12,000 B.P., and perhaps as late as 
11,950 B.P., as suggested by Broecker and Farrand 
(1963).

The Kirkfield phase of Lake Algonquin was 
established in the Lake Huron basin before initial 
growth of the Two Creeks forest occurred in Wiscon­ 
sin, and drowning of the forest occurred before the 
Kirkfirld phase was extinguished in the Lake Huron 
basin. Published data suggest that the Kirkfield phase 
may have persisted for no longer than 400 years; 
hence, forest growth represents a shorter time interval 
(Evenson and others, 1976, fig. 2). On the other hand, 
ring counts indicate that forest growth spanned an in­ 
terval of at least 142 years (Black, 1970a). On the basis 
of selected radiocarbon samples, Broecker and Farrand 
(1963) concluded that growth of the forest occurred 
within a time interval of 200 radiocarbon years 
(11,950-11,750 B.P.). The age span suggested by 
Broecker and Farrand is reasonable, in light of regional 
considerations, although the ages measured by the 
authors are not necessarily more reliable than are other 
ages measured by other laboratories.

NOTE 5

Farrand and Eschman (1974), Evenson, Farrand, 
Eschman, Mickelson, and Maher (1976), and Evenson 
and Dreimanis (1976) tentatively correlated the 
Manitowoc Till Member of the Wedron Formation on

the floor of Lake Michigan (Lineback and others, 1974) 
with the till that comprises the Manistee and Inner 
Port Huron moraines in Michigan. The stratigraphic 
relationship of the Manitowoc Till Member in Lake 
Michigan to tills in Wisconsin has not been 
demonstrated (Evenson and others, 1976; Black, 
1978).

NOTE 6

Glenwood phase of Lake Chicago strands north of 
the Manistee moraine and the association of the 
moraine with pitted outwash graded to the Glenwood 
level (Evenson, 1972, 1973a, 1973b) indicate that the 
Manistee moraine was formed prior to inception of the 
Calumet phase of Lake Chicago. An outwash channel 
inset into the pitted outwash but graded to the 
Calumet level (Evenson, 1972, 1973a) suggests that 
the Glenwood-Calumet transition occurred very short­ 
ly after formation of the Manistee moraine. The Inner 
Port Huron and Bay City moraines are products of a 
glacial readvance that occurred during the existence of 
Lake Warren I in the Huron and Erie lake basins 
(Bretz, 1951a; Hough, 1958, 1963), and at least part of 
the Lake Warren I drainage through the Grand Valley 
entered the Calumet phase of Lake Chicago (Eschman 
and Farrand, 1970; Farrand and Eschman, 1974). The 
drainage relationships indicate only that the Calumet 
level was established prior to extinction of Lake Warren 
I; early drainage from Lake Warren I may have 
entered the Glenwood II phase of Lake Chicago. The 
relationships of the Manistee, Inner Port Huron, and 
Bay City moraines to the Glenwood and Calumet 
phases of Lake Chicago and to Lake Warren I establish 
an important time line for correlations of other events 
in the Michigan, Huron, and Erie lake basins. Taylor 
(1977) confirmed that the Two Rivers Till represents a 
glacial readvance after formation of the Inner Port 
Huron moraine near Manistee, and he found Glenwood 
phase Lake Chicago(?) sediments beneath the Two 
Rivers Till.

NOTE 7

Farrand and Eschman (1974), Evenson, Farrand, 
Eschman, Mickelson, and Maher (1976), and Evenson 
and Dreimanis (1976) tentatively correlated the end 
moraine associated with the southern limit of the 
Shorewood Till Member of the Wedron Formation, on 
the floor of Lake Michigan (Lineback and others, 
1974), with the Whitehall and Outer Port Huron 
moraines in Michigan. The stratigraphic relationship 
of the Shorewood Till Member in Lake Michigan to 
tills in Wisconsin has not been determined (Evenson 
and others, 1976; Black, 1978).
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NOTE 8

Correlation of the interval between times of deposi­ 
tion of the Yorkville and Wadsworth Till Members of 
the Wedron Formation (the "St. Charles intraglacial" 
of Leighton, 1960) in Illinois with the Erie interstadial 
in the Lake Erie basin (Frye and Willman, 1973) is 
reasonable in light of published data from Illinois and 
Indiana. The more recent assignment of the Jules Soil 
to the Erie interstadial (Frye and others, 1974) requires 
correlation of the Maiden and Snider Till Members 
(and possibly part of the Batestown Till Member) of 
the Wedron Formation in Illinois with the New 
Holland Till Member of the Lagro Formation in north­ 
eastern Indiana (Johnson, 1976). Till stratigraphy and 
crosscutting relationships of end moraines in Indiana 
preclude the latter correlation (Wayne, 1958, 1963, 
1965a; Bleuer, 1974b, 1975; Moore, 1974; Johnson, 
1976). Both the age and the stratigraphic significance 
of the Jules Soil have been questioned (Ruhe, 1976; 
Johnson, 1976). The Wadsworth and Haeger Till 
Members of the Wedron Formation here are considered 
to be the oldest tills deposited in Illinois during the 
Port Bruce stadial in the Lake Erie basin time- 
stratigraphic scheme of Dreimanis and Karrow (1972).

NOTE 9

Correlation of the six named end moraines of the 
Valparaiso moraine system in Illinois (Willman and 
Frye, 1970) with specific end moraines in Michigan has 
not been established on the basis of till stratigraphy. 
Morphologic interpretations of Leverett and Taylor 
(1915), Zumberge (1960), Wayne and Zumberge (1965), 
Dorr and Eschman (1970), Farrand and Eschman 
(1974), and others differed greatly. Correlation of the 
West Chicago moraine with the Redfield-Three Rivers 
and Tekonsha moraines in Michigan on the chart is 
based on the relationship of the moraines to deposits 
and meltwater channels of the "Kankakee flood" in Il­ 
linois, Indiana, and Michigan, as outlined by 
Zumberge (1960) and Wayne and Zumberge (1965). 
(See Supplementary Note 18.)

NOTE 10

The history of Algonquin and post-Algonquin lake 
phases is extremely complicated. The ages and correla­ 
tions of events in the Michigan and Huron lake basins 
cannot be resolved until the succesions of events in the 
respective basins are determined. It has not been 
proved whether extinction of the Kirkfield phase of 
Lake Algonquin was caused by differential uplift in the 
Lake Huron basin (Leverett and Taylor, 1915; Stanley, 
1938a; Hough, 1958; Prest, 1970) or by a glacial read-

vance in the Trent Valley in Ontario (Johnston, 1916a; 
Deane, 1950). Published field data are compatible with 
an interpretation that the Two Rivers readvance in 
Wisconsin and Michigan (Evenson and others, 1976) 
and the Lake Simcoe readvance in Ontario (Deane, 
1950) were approximately synchronous. Uncertainties 
of the cause of extinction of the Kirkfield phase, the 
age of the Kirkfield-Late Lake Algonquin transition, 
the age of inception of the Toleston II phase of Lake 
Chicago, and the ages of the Two Rivers and Lake Sim­ 
coe glacial readvances permit several alternative 
schemes of correlation and chronology to be enter­ 
tained. The scheme shown on the correlation chart is 
based on three assumptions: (a) extinction of the 
Kirkfield phase was caused by differential uplift, (b) 
the Kirkfield-Late Lake Algonquin transition occur­ 
red prior to isolation of Toleston II phase Lake 
Chicago in the Lake Michigan basin (as a result of the 
Two Rivers readvance), and (c) the Two Rivers and 
Lake Simcoe readvances were approximately syn­ 
chronous.

The monograph by Leverett and Taylor (1915) is still 
the most comprehensive reference on the Algonquin 
and post-Algonquin lake history. Correlation schemes 
of Flint (1947, 1953, 1957, 1971), Hough (1953, 1958, 
1966, 1969), Wayne and Zumberge (1965), Kelley and 
Farrand (1967), Dorr and Eschman (1970), Prest 
(1970), Sly and Lewis (1972), and Farrand and 
Eschman (1974) differed greatly. Discussions and sum­ 
maries by Deane (1950), Zumberge and Potzger (1956), 
Farrand (1962), Broecker and Farrand (1963), Wayne 
and Zumberge (1965), Chapman and Putnam (1966), 
Lewis (1969), Dorr and Eschman (1970), Harrison 
(1972), and Chapman (1975) contributed much to 
resolution of the "Algonquin problem," but each pro­ 
vided additional unanswered questions and a broader 
basis for postulation of alternative schemes of succes­ 
sion and correlation. Johnston (1916a), Deane (1950), 
Gravenor (1957), Mirynech (1962, 1967), Harrison 
(1970, 1972), and Chapman (1975) contributed 
stratigraphic and morphologic data that must be con­ 
sidered in any attempt to correlate the Algonquin and 
post-Algonquin phases in the Lake Huron basin with 
lakes in the Lake Ontario basin. Anderson (1971), 
Saarnisto (1974), and Karrow, Anderson, Clarke, 
Delorme, and Sreenivasa (1975) provided new 
paleoecological data and radiocarbon ages.

NOTE 11

Farrand, Zahner, and Benninghoff (1969), Farrand 
and Eschman (1974), and Evenson, Farrand, Eschman, 
Mickelson, and Maher (1976) concluded that a low-lake 
phase in the Lake Michigan basin (the "Two Creeks



18 POST-ERIE INTERSTADIAL EVENTS, UNITED STATES AND CANADA

low-water stage" of Evenson and others, 1976) drained 
eastward to the Lake Huron basin, possibly by way of 
the Indian River lowland, east of Little Traverse Bay, 
Mich. Assignment of a Gary-Port Huron (Mackinaw) 
interstadial age to the Cheboygan bryophyte bed in 
Michigan and the apparent absence of a lithologic or 
stratigraphic break in the till that overlies the 
bryophyte bed (Farrand and others, 1969; Farrand and 
Eschman, 1974; Evenson and others, 1976) seemingly 
require that the Straits of Mackinac were not 
deglaciated at the time of growth of the Two Creeks 
forest in Wisconsin. If these interpretations are cor­ 
rect, the low phase in the Lake Michigan basin during 
the Two Creeks interstadial was higher than the initial 
Kirkfield phase of Lake Algonquin in the Lake Huron 
basin and the initial Kirkfield phase did not enter the 
Lake Michigan basin. Stratigraphic evidence in­ 
dicating that waters in the Lake Michigan basin were 
higher than waters in the Lake Huron basin and 
stratigraphic evidence of drainage through the Indian 
River lowland have not been published. Leverett and 
Taylor (1915), Hough (1958, 1963), Wayne and 
Zumberge (1965), Dorr and Eschman (1970), Prest 
(1970), Flint (1971), and others concluded that the 
Kirkfield phase occupied both the Lake Michigan and 
Lake Huron basins.

The radiocarbon ages of the Cheboygan bryophyte 
bed constitute the only published evidence that in­ 
dicates that the initial Kirkfield phase of Lake Algon­ 
quin did not enter the Lake Michigan basin and that 
the Straits of Mackinac were not deglaciated during 
the Twocreekan Substage. The reliability of the 
radiocarbon ages of the Cheboygan bryophyte bed is 
questioned in Supplementary Note 14. Although the 
bryophyte bed is shown as Mackinaw Interstadial in 
age on plate 1 (col. 2), in accordance with the inter­ 
pretation of Farrand, Zahner, and Benninghoff (1969), 
I believe that the bed may be approximately the same 
age as the Two Creeks forest (Supplementary Note 14). 
Because all other published stratigraphic data from 
the Lake Michigan basin are compatible with an 
assumption that the Kirkfield phase occupied the Lake 
Michigan basin, the Kirkfield phase is shown to have 
occupied both the Lake Michigan and Lake Huron 
basins during the Twocreekan Substage (pi. 1, cols.
I,2).

NOTE 12

Radiocarbon ages of 11,500±180 B.P. and
II,400±280 B.P. (GSC-1429) (Harrison, 1972; 
Lowdon and Blake, 1973), and 11,800±400 B.P. 
(GSC-1363) (Harrison, 1972) are too old in relation to 
other radiocarbon ages of the Algonquin and post- 
Algonquin lake succession. A grizzly-bear skull from

Lake Ardtrea sediments, dated 11,700±250 B.P. 
(Geochron Laboratory, number not assigned) (Tovell 
and Deane, 1966; Harrison, 1972), also is too old in 
relation to other radiocarbon ages.

NOTE 13

Eastward drainage of Lake Wyebridge, by way of 
the South River outlet (Harrison, 1972), is tentatively 
correlated with formation of the Petawawa delta in the 
Champlain Sea, in the Ottawa River valley. Shells in 
marine sediments near Pembroke, Ontario, yielded an 
age of 10,870±130 B.P. (GSC-90). Although the shells 
do not have any necessary relationship to formation of 
the delta, deposition of the sediments near Pembroke 
and formation of the Petawawa delta are believed to 
have been contemporaneous (Harrison, 1972).

NOTE 14

Farrand, Zahner, and Benninghoff (1969), Farrand 
and Eschman (1974), and Evenson, Farrand, Eschman, 
Mickelson, Maher (1976) assigned a Gary-Port Huron 
(Mackinaw) interstadial age to the Cheboygan 
bryophyte bed in Michigan. They concluded that the 
till that overlies the bed represents continuous ice 
cover throughout the Port Huron stadial and the Two 
Creeks interstadial (the Straits of Mackinac were 
covered by ice throughout the Two Creeks 
interstadial). If that conclusion is accepted, the initial 
Kirkfield phase of Lake Algonquin could not have ex­ 
tended into the Lake Michigan basin during the Two 
Creeks interstadial (Supplementary Note 11).

The stratigraphy of the Cheboygan site and paleon- 
tologic data cited by Farrand, Zahner, and Benning­ 
hoff (1969) and Miller and Benninghoff (1969) are com­ 
patible with an alternative interpretation that the 
bryophyte bed is Two Creeks interstadial in age. If the 
Cheboygan bryophyte bed is Twocreekan in age, as in­ 
ferred here, the till beneath the bed is equivalent to the 
"Port Huron" till elsewhere in Michigan, the till above 
the bed is equivalent to the Two Rivers Till in the Lake 
Michigan basin, the Straits of Mackinac may have 
been deglaciated during the Two Creeks interstadial, 
and the initial Kirkfield phase of Lake Algonquin may 
have occupied the Lake Michigan basin as well as the 
Lake Huron basin.

Assignment of a Gary-Port Huron (Mackinaw) in­ 
terstadial age to the Cheboygan bed (Farrand and 
others, 1969) was based on an assumption that the 
older radiocarbon ages determined for the bryophytes 
(chiefly Scorpidium turgescens and Catascopium 
nigritum) are reliable and the younger ages are 
unreliable. Farrand and his colleagues accepted the
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ages of three radiocarbon samples: 13,300±400 B.P. 
and 12,800±400 B.P. (L-1064), 12,570±500 B.P. 
(W-1889), and 12,500±500 B.P. (W-1847). Three other 
ages from a single sample from the same bed, reported 
by Crane and Griffin (1968), are 9,960±350 B.P. 
(M-1753-1), 10,700±350 B.P. (M-1753-2), and 
10,700±350 B.P. (M-1753-3). Sample M-1753-1 was 
rejected by Farrand, Zahner, and Benninghoff (1969) 
on the basis of a reasonable assumption that it is too 
young, but samples M-1753-2 and M-1753-3 were 
not mentioned.

Bryophytes (Drepanocladus fluitans) from near 
Castalia, Ohio, yielded radiocarbon ages 1,100-2,700 
years too old (Sears, 1967; Ogden and Hay, 1967) (Sup­ 
plementary Note 21). The Castalia samples may have 
been contaminated by fractionated inactive carbon 
(Ogden and Hay, 1967). It is possible that the oldest 
Cheboygan bryophyte ages also are unreliable, owing 
to fractionation, and that the age of the Cheboygan 
bed is approximately the same as the age of the Two 
Creeks forest (11,850±100 B.P.). Scorpidium 
turgescens, the most abundant moss species at the 
Cheboygan site, is a calcophile species (Miller and 
Benninghoff, 1969); it may incorporate inactive carbon 
by fractionation and may yield radiocarbon ages that 
are too old. The reliability of radiocarbon ages deter­ 
mined from different species of bryophytes has not 
been adequately tested.

In a discussion of the deglaciation history of Wiscon­ 
sin and the Lake Michigan basin, Black (1978, p. 120) 
implied that the deglaciation history proposed by 
Evenson, Farrand, Eschman, Mickelson, and Maher 
(1976) is based on the inferred age of the Cheboygan 
bryophyte beds. Evenson, Farrand, Eschman, Mickel­ 
son, and Mayer (1978, p. 125) replied that, "* * * 
Black's indication that we based our conclusion only 
on evidence from the Cheboygan Bryophyte Bed lo­ 
cality is in error. There are a number of pertinent 
pieces of evidence other than the Cheboygan 
Bryophyte Bed; most of these were reviewed in the 
original bryophyte bed paper (Farrand and others, 
1969) as well as in Dreimanis and Goldthwait (1973, p. 
95) and Evenson and Dreimanis (1976, p. 219-220)." 
The paper by Farrand, Zahner, and Benninghoff (1969) 
contains discussion of four subjects: stratigraphy of 
the site, analysis of the bryophytes, radiocarbon age 
measurement, and stratigraphic interpretation. The 
site stratigraphy was compatible with an initial inter­ 
pretation by the authors that the moss horizon was the 
same age as the Two Creeks buried forest; revision of 
the stratigraphic history of the site was mandated by 
acceptance of the oldest radiocarbon ages of the moss, 
not by the stratigraphy of the site. Analysis of the

bryophytes provided no information relevant to the 
age of the moss or the deglaciation history. The pollen 
analytical data were inconclusive, as discussed below. 
The deglaciation history of the entire Lake Michigan 
basin was inferred from the deglaciation history of the 
site, in turn directly related to the inferred radiocarbon 
age of the moss horizon. The synthesis by Dreimanis 
and Goldthwait (1973) contained only references to the 
interpretations and conclusions of Farrand, Zahner, 
and Benninghoff (1969) and Miller and Benninghoff 
(1969); no specific evidence in support of the deglacia­ 
tion history outlined by Evenson, Farrand, Eschman, 
Mickelson, and Maher (1976) was discussed. Likewise, 
the summary by Evenson and Dreimanis (1976) con­ 
tained no discussion of evidence.

Farrand, Zahner, and Benninghoff (1969, p. 256) im­ 
plied that seven samples from the 1-cm thick moss 
horizon were analyzed for pollen. According to Miller 
and Benninghoff (1969, p. 238), however, only two of 
the samples were from the moss horizon. The other five 
samples were from one horizon in the underlying sand 
and two horizons in the overlying lake sediments. Far­ 
rand, Zahner, and Benninghoff (1969, p. 256) empha­ 
sized the dissimilarity of the pollen spectra of the 
Cheboygan bryophyte bed and the Two Creeks forest 
bed. At the same time, however, they noted a similar­ 
ity between the spectra of the moss bed and the lower 
part of C. E. Schweger's pollen diagram from the Duck 
Creek Ridge site, southwest of Green Bay, Wis. (Black 
and others, 1965). The latter section has been cor­ 
related with the Two Creeks buried forest (Black and 
others, 1965; Farrand and others, 1969; Schweger, 
1969; Maher, 1970). Wood from the Duck Creek site 
yielded a radiocarbon age of 11,640±350 B.P. (Maher, 
1970, p. D5). The pollen diagram of Miller and 
Benninghoff (1969, fig. 1) indicated that in the 
Cheboygan moss horizon the arboreal pollen was 
dominated by spruce and the nonarboreal pollen was 
dominated by sedges, with arboreal pollen subordinate 
to nonarboreal pollen. In the lower half of the Duck 
Creek Ridge pollen diagram (Black and others, 1965, 
fig. 8-2) the same relationship was evident. I am more 
impressed by the similarity of the pollen spectra of the 
Cheboygan and Duck Creek sites than by the dissimi­ 
larities of the spectra of the Cheboygan and Two 
Creeks sites. The dissimilarities of the spectra of the 
latter two sites were inferred to indicate that the 
Cheboygan bed is older than the Two Creeks buried 
forest (Farrand and others, 1969, p. 256-257). Follow­ 
ing the same reasoning, the similarity of the pollen 
spectra from the Cheboygan and Duck Creek Ridge 
sites may be inferred to indicate that the Cheboygan 
bed is the same age as (or even slightly younger than) 
the Two Creeks buried forest.
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Comparison of pollen percentages from the 
Cheboygan bed in Michigan with percentages from 
sites in Wisconsin may not be a reliable means of deter­ 
mining whether organic deposits at the respective sites 
were contemporaneous. Black, Hole, Maher, and 
Freeman (1965, p. 70) concluded that, "* * *enough 
unknown factors exist in the pollen data to make any 
firm conclusions about the climate of the Two Creeks 
interval premature* * *," and Evenson, Farrand, 
Eschman, Mickelson, and Maher (1976, p. 421) noted 
that "* * *in the Lake Michigan basin it may be im­ 
possible to distinguish response of vegetation to a 
change in regional climate from a response caused by 
expanding proglacial lakes and the presence of wasting 
Two Rivers ice."

In view of (1) the uncertain reliability of correlation 
by means of pollen spectra, (2) the 3,700-year range of 
measured ages of the Cheboygan bed, (3) the age 
discrepancies in dating the Castalia bryophytes, and 
(4) the possibility of isotope fractionation in some 
species of bryophytes, the age and the correlation of 
the Cheboygan bed are considered unproved. Resolu­ 
tion of the age of the bed is extremely important 
because the deglaciation history in the Lake Michigan 
and Lake Huron basins is dependent upon assignment 
of a correct age to the bryophyte bed (Supplementary 
Note 1).

NOTE 15

Correlation of specific moraines of the Lansing- 
Grand Ledge-Ionia-Portland-Lyons-Fowler moraine 
succession in Michigan with the Arva, Milverton, 
Mitchell, Dublin, and Lucan moraines in Ontario has 
not been demonstrated on the basis of till 
stratigraphy. The correlations shown are speculations.

Farrand and Eschman (1974) suggested that out- 
wash surfaces that head at the Portland, Fowler, and 
Flint moraines can be projected through the Grand 
Valley to the Allendale delta and that all three surfaces 
are graded to the Glenwood level of Lake Chicago. The 
Allendale delta is younger than the Lake Border 
moraines of the Lake Michigan lobe in Michigan; 
hence, the Portland moraine is younger than the Lake 
Border moraines. Initiation of Lake Maumee II 
drainage through the Grand Valley to the Glenwood 
phase of Lake Chicago, by way of Early Lake Saginaw, 
occurred when the Saginaw lobe ice margin retreated 
from the Fowler moraine (Bretz, 1953).

NOTE 16

Correlation of the Arva, Milverton, Mitchell, Dublin, 
Lucan, Seaforth, and Centralia moraines in the Huron

lobe area of Ontario with specific moraines of the 
Ingersoll-Blenheim-St. Thomas-Norwich-Tillson- 
burg moraine succession in the Erie lobe area of On­ 
tario has not been demonstrated on the basis of till 
stratigraphy. The correlations shown are speculations 
(see Supplementary Note 24).

NOTE 17

Correlation of specific moraines in the Michigan lobe 
and Saginaw sublobe areas in southern Michigan with 
specific moraines in the Huron and Erie lobe areas in 
southeastern Michigan has not been demonstrated on 
the basis of till stratigraphy. The correlations shown 
are speculations, based on assumptions that the Red- 
field-Three Rivers and Tekonsha moraines are approx­ 
imately the same age as the Union City moraine, and 
the Inner Valparaiso moraine is approximately the 
same age as the Wabash moraine (Zumberge, 1960; 
Wayne and Zumberge, 1965). (See Supplementary 
Notes 18 and 19.)

NOTE 18

The southern limit of glaciation in south-central 
Michigan and north-central Indiana, contemporaneous 
with formation of the Union City moraine, has not 
been established on the basis of till stratigraphy. On 
the basis of the areal distribution of deposits and 
meltwater channels of the "Kankakee flood" 
(Zumberge, 1960; Wayne and Zumberge, 1965), the 
Redfield-Three Rivers and Tekonsha moraines here 
are regarded to be correlatives of the Union City 
moraine (Supplementary Note 9).

NOTE 19

The southern boundary of the New Holland Till 
Member of the Lagro Formation (Wayne, 1963) coin­ 
cides with the distal margin of the Union City moraine 
in northeastern Indiana (Wayne, 1968; Gooding, 1971). 
The New Holland Till Member was deposited during 
the Port Bruce stadial, following ice-margin recession 
into (or, more probably, north of) the Lake Erie basin 
during the Mackinaw interstadial. Esker alinement 
and thin till over ice-contact deposits and outwash in 
the Packerton moraine complex in Miami, Wabash, 
Kosciusko, and Noble Counties, Ind. (Wayne and 
Thornbury, 1951; Thornbury and Deane, 1955; Zum­ 
berge, 1960; Wayne and Zumberge, 1965), indicate 
that parts of the Packerton moraine were formed by 
Huron lobe ice (fig. 2) during the Port Bruce stadial 
and that other parts of the moraine consist of older
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drift that was overridden by Huron lobe ice during the 
stadial. Thin till over outwash in the Ann Arbor and 
Northville areas, Michigan (Dorr and Eschman, 1970), 
also probably is the New Holland Till Member.

NOTE 20

Fluctuations of ice margins of the Huron lobe and 
Georgian Bay and Lake Simcoe sublobes (fig. 2) pro­ 
duced a number of distinct till sheets that overlap one 
another in southern Ontario (Karrow, 1974a; Cowan 
and others, 1975; Cooper and others, 1977). The spatial 
and temporal relationships of these tills cannot be 
shown adequately on the columns of the chart. The cor­ 
relations assigned here are tentative. The Bogarttown, 
Elma, Kettleby, Mornington, Newmarket, Rannoch, 
St. Joseph, Stirton, Stratford, Tavistock, and Wart- 
burg tills, and other unnamed tills of the Huron and 
Georgian Bay lobes, all were deposited during the Port 
Bruce stadial. (See reports by G. J. Burwasser, A. J. 
Cooper, W. R. Cowan, B. H. Feenstra, Q. H. J. Gwyn, 
P. F. Karrow, D. R. Sharpe, U. J. Vagners, and A. 
Dreimanis and A. V. Morgan.)

NOTE 21

Bryophytes (Drepanocladus fluitans) from near 
Castalia, Ohio, yielded four radiocarbon ages: 
13,911±418 B.P. (OWU-168), 13,530±420 B.P. and 
15,530±420 B.P. (OWU-168-A), and 14,790±420 
B.P. (OWU-168-B) (Sears, 1967; Ogden and Hay, 
1967). Growth of the moss occurred after formation of 
Lake Lundy in the Lake Erie basin; hence, the samples 
should provide minimum ages of extinction of Lake 
Grassmere. The estimated age of Lake Lundy is 12,400 
B.P. (pi. 1), and the radiocarbon ages are at least 
1,100-2,700 years too old (at least 700-3,500 years too 
old if ranges of statistical errors are considered). Sam­ 
ple OWU-168-B is a rerun of sample OWU-168-A, 
and it received additional pretreatment to insure com­ 
plete removal of shell and marl carbonate; the sample 
was "carbonate-free" (Ogden and Hay, 1967). Removal 
of carbonate by pretreatment does not preclude incor­ 
poration of Paleozoic limestone into the living mosses, 
and at least part of the age anomaly may be a result of 
isotopic fractionation by the mosses. (See Supplemen­ 
tary Note 14.)

NOTE 22

The limit of the Halton Till (Karrow, 1963) has been 
revised as a result of recent studies north of Lake Erie 
(Feenstra, 1972,1973,1974) and west and northwest of 
Toronto (Karrow, 1970; White, 1975; Gwyn, 1975c).

The boundary north of Lake Erie is just east of 
Caledonia and Cayuga, Ontario, 8-10 km west of Port 
Maitland and Dunnville, and it intersects the present 
Lake Erie shore at Point Evans, Ontario (Feenstra, 
1973). The configuration of the revised Halton Till 
limit in Ontario supports a correlation of the Halton 
glacial advance and an advance in New York to the 
position of the Alden moraine (Supplementary Note 
32).

NOTE 23

The history of Lake Maumee outlined in publications 
by Frank Leverett, F. B. Taylor, and Frank Carney 
was generally accepted in syntheses by Flint (1947, 
1953, 1957, 1971), Hough (1953, 1958, 1963, 1966, 
1968), Wayne and Zumberge (1965), Kelley and Far- 
rand (1967), Dorr and Eschman (1970), Eschman and 
Farrand (1970), and Prest (1970). The succession of 
water levels (Maumee I, 800 ft; Maumee II, 760 ft; 
Maumee III, 780 ft) was questioned by Bleuer and 
Moore (1972a, 1972b). Leverett (1939) inferred that the 
760-ft level was reoccupied prior to extinction of Lake 
Maumee, and stratigraphic evidence in Ohio and On­ 
tario is compatible with the concept of a brief Maumee 
IV phase at 760 ft. The succession of water levels infer­ 
red in the Fort Wayne area, Indiana, by Bleuer and 
Moore (800 ft-780 ft-760 ft), may relate to the 
Maumee I-Maumee III-Maumee IV succession, 
rather than the Maumee I-Maumee II-Maumee III 
succession. It is possible that Maumee I (800 ft) 
drained by way of the Fort Wayne outlet, Maumee II 
(760 ft) drained by way of a channel north of the Flint 
moraine (obliterated by the later readvance to the Flint 
moraine), Maumee III (780 ft) drained first by way of 
the Imlay outlet and later by way of the Fort Wayne 
outlet (owing to differential uplift of the Imlay outlet), 
and Maumee IV (760 ft) drained by way of the Fort 
Wayne outlet.

Radiocarbon sample 1-4899 (13,770±210 B.P.) was 
attributed to deposition during the existence of Lake 
Maumee III by W. R. Farrand (comment in Buckley 
and Willis, 1972). Farrand and Eschman (1974) cited 
the work of Burgis (1970) and concluded that the sam­ 
ple postdates extinction of Maumee III.

NOTE 24

The relationship of the Ingersoll, Blenheim, St. 
Thomas, Norwich, Tillsonburg, and Sparta moraines, 
in southern Ontario, to the Defiance, Brooklyn, Euclid, 
Painesville, and Ashtabula moraines, in Ohio, has not 
been demonstrated on the basis of till stratigraphy. 
The Ingersoll moraine is overlapped by the Arva
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moraine in the Huron lobe area; the Arva moraine and 
the younger Mitchell moraine both were formed prior 
to extinction of Lake Maumee II (but not necessarily 
during the existence of Maumee II). The Ingersoll 
moraine is not linked stratigraphically to a specific 
Lake Maumee phase and it may have been formed dur­ 
ing the existence of Lake Maumee I. It may be the 
same age as the Definance moraine in Ohio, or it may 
be younger. The Blenheim moraine was submerged in 
Lake Maumee, but it is not linked to a specific lake 
phase. Dreimanis (1963, 1969b) concluded that the 
double-crested St. Thomas moraine was formed short­ 
ly prior to extinction of Lake Maumee II, but pub­ 
lished stratigraphic evidence is not conclusive. The 
glacial readvance that was initiated during the ex­ 
istence of latest Lake Maumee II (Dreimanis and Kar- 
row, 1965) here is considered to have been responsible 
for deposition of the Ashtabula Till in Ohio, and is con­ 
sidered to have been synchronous with the advance 
responsible for formation of the Flint moraine in 
Michigan. Culmination of the Flint advance was 
responsible for the rise from the Maumee II level to the 
Maumee III level in the Lake Erie basin (Bretz, 1951a, 
1953). The St. Thomas moraine in Ontario and the 
Painesville moraine in Ohio both were formed as a 
result of the readvance in the Lake Erie basin, and on 
the correlation chart it is inferred that they were 
formed shortly after the Maumee II-Maumee III tran­ 
sition, contemporaneously with the Flint moraine. 
Neither the St. Thomas moraine nor the Painesville 
moraine necessarily coincides with the maximum ex­ 
tent of the glacial readvance. Lake Maumee III 
sediments overlie the younger Sparta (equal to Tillson- 
burg) moraine, indicating that the Norwich, Tillson- 
burg, and Sparta moraines were formed during the ex­ 
istence of Lake Maumee III. Correlation of the 
Ashtabula moraine with Lake Arkona (Coates, 1976) is 
not supported by stratigraphic data from Ohio and 
Pennsylvania. Strand features on and north of the 
Ashtabula moraine indicate that the moraine was 
formed prior to extinction of Lake Maumee.

NOTE 25

The Brooklyn (Cleveland) moraine of Leverett 
(1902b, 1931b) and Carney (1913b), composed in part 
of Lavery Till and in part of Hiram Till, is morpho- 
stratigraphically equivalent to the complex Euclid 
moraine. Thick deposits of Hiram Till on the proximal 
side of the Euclid moraine overlie an older end-moraine 
core of Lavery Till. The massive Euclid moraine ter­ 
minates west of the Chagrin River in Ohio. Narrow 
segments of end moraine east of the river are continua­

tions of a younger (post-Euclid) moraine that is banked 
against the north edge of the Euclid moraine at the 
Cuyahoga-Lake County boundary, northeast of 
Cleveland. The latter moraine and the segments of end 
moraine east of the Chagrin River are composed of 
Ashtabula Till. The type Euclid moraine is not com­ 
posed of Ashtabula Till.

The Defiance moraine on the rolling till plain in 
northwestern and north-central Ohio is a fairly con­ 
tinuous belt of moraine 1-8 km wide. The massive 
moraine terminates in southwestern Medina County, 
Ohio, as inferred by Leverett (1902b, pis. 2, 13). 
Eastward from Lodi, Ohio, the ice margin entered 
more dissected terrain and then rose onto the 
Allegheny Escarpment. The integrity of the moraine is 
lost in the more rugged topography in eastern Medina, 
Summit, and Cuyahoga Counties. There, two to more 
than ten narrow, arcuate end moraines intersect or 
cross the major valleys, and discontinuous segments of 
lateral moraines of ice tongues in the valleys rise onto 
the valley walls. Parts of the valley walls and some in- 
terfluves are marked by areas of kames and discon­ 
tinuous belts of constructional till topography, inter­ 
rupted by extensive areas of thin ground moraine and 
exposed bedrock. Specific moraine loops in the valleys 
cannot be traced from valley to valley with certainty. 
Carney (1913b; and unpublished maps on file at the 
Ohio Geological Survey, Columbus, Ohio) concluded 
that the Northfield moraine, in Summit and Cuyahoga 
Counties, is younger than the Defiance moraine west of 
Lodi. Leverett (1931b) revised his earlier (1902b) inter­ 
pretations; he mapped the Northfield moraine as a con­ 
tinuation of the Defiance moraine and traced what he 
considered to be the Defiance moraine eastward to 
Pennsylvania. The broad belt of drift mapped as a 
moraine by Leverett (1931b) from Lodi, Ohio, to Penn­ 
sylvania is a complex, topographically controlled 
system of moraine segments and other deposits of 
several different ages, representing several pulsations 
of ice margins; it does not represent a single glacial ad­ 
vance or stillstand of an ice margin. Retention of the 
name "Defiance moraine" for the system of moraine 
segments is misleading. White (1953a, 1953b, 1977; in 
Winslow and White, 1966) accepted Leverett's (1931b) 
interpretations and mapped the "Defiance moraine" in 
the Grand River sublobe in northeastern Ohio. Shepps, 
White, Droste, and Sitler (1959) and Muller (1956, 
1963) continued tracing of Leverett's "Defiance 
moraine" through Pennsylvania to southwestern New 
York. There is no assurance that any part of the drift 
belt in the Grand River sublobe in Ohio and in the Erie 
lobe in Pennsylvania and New York is the same age as 
the type Defiance moraine in northwestern Ohio.
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NOTE 26

The distal margin of the Powell moraine, in the 
Scioto sublobe in Ohio, is the southern boundary of a 
distinctive till sheet (Forsyth, 1956a, 1965, 1967; 
Goldthwait and others, 1961, 1965; Steiger and Holo- 
waychuk, 1971; Dreimanis and Goldthwait, 1973; 
Goldthwait, 1976). Although the Powell moraine con­ 
sists of at least four moraine ridges in places and the 
outermost ridge in some areas is overlapped by or 
buried by younger ridges in other areas, all the ridges 
are composed of lithologically and texturally similar 
till (Supplementary Note 27).

The Powell moraine (Leverett, 1902b) was traced 
northeastward from its type area in Union and 
Delaware Counties, Ohio, by White (1935, 1939). 
Totten (1962, 1969, 1973) accepted White's conclusion 
that the moraine trends northeastward from a position 
east of Mt. Gilead to Blooming Grove, and then into 
Richland County, Ohio. White (1967) concluded that 
the southern limit of the Hiram Till in Wayne County 
coincides with the distal margin of the Wabash 
moraine, and in his figure 1 he indicated that the till 
limit also coincides with the distal margin of the 
Wabash moraine in Ashland and Richland counties, as 
shown on the "Glacial Map of Ohio" (Goldthwait, 
White, and Forsyth, 1961). Totten (1973) suggested 
that the Hiram Till boundary in Richland County is far 
south of the Wabash moraine and that the "Powell 
moraine" of White (1935, 1939) is composed of Hiram 
Till. Consequently, Totten concluded that the till that 
composes the Powell moraine in the central part of the 
Scioto sublobe also is the Hiram Till.

The "Powell" ice-margin position does not continue 
northward from Mt. Gilead; it trends northeastward to 
Shauck, loops into the Cedar Fork valley in Morrow 
County, loops southeast of Kings Corners in Richland 
County, and then loops southeastward in the valley of 
Clear Fork Mohican River to merge with the 
Hayesville Till boundary at Lexington. The southern 
boundary of the till that comprises the Powell moraine 
and the younger Broadway moraine in the type area of 
the moraines in central Ohio coincides with the 
"Centerburg" till and Hayesville Till boundaries south 
and southeast of Clear Fork Reservoir, in Richland 
County, Ohio, as shown on plate 1 of Totten (1973). 
The Hiram Till boundary in the central part of the 
Scioto sublobe is north of the Broadway moraine, and 
in western Ohio and eastern Indiana it probably coin­ 
cides with the distal margin of the Wabash moraine 
(Goldthwait, 1958, 1959; Goldthwait and others, 1961; 
Steiger and Holowaychuk, 1971; Gooding, 1971).

NOTE 27

The complex Powell moraine in many places is a 
product of two significant glacial readvances. Each 
readvance was represented by several minor pulsa­ 
tions of the ice margin. Part of the buried Bokes Creek 
moraine (Forsyth, 1956a, 1956b) and part of the Powell 
moraine were formed at the culmination of the initial 
Port Bruce stadial glacial readvance. The ice margin 
receded more than 15 km (perhaps several tens of 
kilometers) and then readvanced, overriding the earlier 
formed part of the Bokes Creek moraine and parts of 
the earlier formed Powell moraine. In places the outer­ 
most ridge of the present Powell moraine was formed 
as a result of the early advance and in other places the 
outermost ridge was formed as a result of the later ad­ 
vance. The Broadway moraine was formed as a reces­ 
sional moraine during dissipation of the Powell ice. As 
a result of the two-phase origin of the Powell moraine, 
the moraine consists of one to four imbricated ridges, 
and in many places it consists of two nearly identical, 
superposed till units. The till that comprises the 
Powell and Broadway moraines in the Scioto lobe has 
not been named, and it is referred to informally as the 
"Powell" till for purposes of discussion. The "Powell" 
till of the moraine and the older "Darby" till 
(Dreimanis and Goldthwait, 1973; Goldthwait, 1976) 
south of the moraine are distinctly different in texture, 
color, and other properties. In many places in and 
north of the Powell moraine the unoxidized "Powell" 
and "Darby" tills are separated by a leached, oxidized 
horizon or by a boulder pavement, colluvium, lake 
sediments, outwash, and (or) flood-plain alluvium. The 
two "Powell" till units locally are separated by a 
boulder pavement, colluvium, outwash, and (or) lake 
sediments.

The "Powell" till is lithostratigraphically equivalent 
to the Hayesville Till in the Killbuck sublobe (Sup­ 
plementary Note 26). The Hayesville Till also is com­ 
posed of two till units in many exposures in Wayne and 
Stark Counties, Ohio.

NOTE 28

Radiocarbon sample OWU-83 (14,780±192 B.P.) 
was wood from till north of the Powell moraine. 
Because the measured age was younger than ages of 
other wood samples from till in central Ohio, Ogden 
and Hay (1965) inferred that the wood was slumped 
into the till; hence, the wood postdates deposition of 
the till. The wood was recovered at a depth of nearly 3 
m in the till (Ogden and Hay, 1965), and it is unlikely 
that it was buried as a result of postglacial slumping.
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If the age is reliable the wood may provide an approx­ 
imate age of the interval represented by a boulder 
pavement, colluvium, outwash, and (or) lake sediments 
between the two "Powell" till sheets in and north of 
the Powell moraine (Supplementary Note 27). If so, the 
sample provides a minimum age for the lower 
"Powell" till sheet and a maximum age for the upper 
"Powell" till sheet. It is also possible that the sample 
is too young, owing to contamination, and that the 
wood is of Erie interstadial age.

NOTE 29

Dreimanis (1967b, 1969a) and Morner and Dreimanis 
(1970, 1973) assumed that Lake Leverett, in the Lake 
Erie basin, drained eastward through the Mohawk 
Lowland during the Erie interstadial, and subsequent 
authors have not questioned the drainage history. 
Many of the buried Erie interstadial beaches and 
deltas in the London and Sparta areas, Ontario, are at 
altitudes similar to present measured or projected 
altitudes of Lake Maumee I and Lake Maumee II 
strands, or no more than 5 m below the projected level 
of Lake Warren I. Lakes Maumee I, Maumee II, and 
Warren I drained westward, and all the latter Lake 
Leverett strands and deltas could have been formed in 
waters that also drained westward.

The type locality for the Erie interstadial is the site 
of a buried Lake Leverett beach that is less than 4 m 
above present Lake Erie and less than 45 m below the 
projected level of Lake Warren I (Morner and 
Dreimanis, 1973). Morner and Dreimanis (1973, p. 118) 
concluded, "If the Erie Interstade lake level at the 
type section is extrapolated as a shoreline parallel to 
the Lake Warren shoreline, it falls at a level 9 m (30 ft) 
below the present Lake Erie level in the area of hori­ 
zontal shorelines at the southwestern end of Lake 
Erie." On the basis of this extrapolation, they con­ 
cluded that Lake Leverett drained eastward to the 
Hudson Lowland.

There is no reason to suspect that the configuration 
of isobases reconstructed from buried Lake Leverett 
strands has any consistent relationship to the con­ 
figuration of isobases of Lake Warren. The areal 
distribution and altitudes of Lake Leverett strands are 
related to the configurations and thicknesses of ice 
lobes during dissipation of Nissouri stadial ice,in In­ 
diana, Michigan, Ohio, Pennsylvania, and Ontario. Dif­ 
ferential uplift of the Lake Erie Basin during the ex­ 
istence of the lake, subsequent crustal depression of 
the basin by ice lobes of different configurations and 
thicknesses during the Port Bruce stadial, differential 
uplift of the basin during the Mackinaw interstadial, 
and probable crustal readjustment during the early

part of the Port Huron Stadial, all contributed to the 
present areal distribution and altitudes of Lake War­ 
ren strands. (See Supplementary Note 37.)

NOTE 30

Y-691 (listed as Y-391 in several publications) was 
wood from approximately 12 m below the crest of a 
Lewiston phase Lake Iroquois beach or bar (Karrow 
and others, 1961; Stuiver, 1969). The sample antedates 
the Lewiston phase and relates to the earliest and 
lowest (Newfane) phase of Lake Iroquois that 
elsewhere in the Lake Ontario basin is inferred to have 
been 12 m lower than the Lewiston phase (Kindle and 
Taylor, 1913). The radiocarbon age is younger than the 
three Lewiston phase ages (W-861, 1-838, and 
W-883); however, it is unreliable and should be con­ 
sidered only a minimum age of the Newfane phase.

NOTE 31

Muller (1975) suggested that dissipation of ice north 
of Batavia, N.Y., resulted in expansion of Lake Warren 
(Warren II on pi. 1) into central New York and subse­ 
quent eastward drainage of Great Lakes waters by 
way of the Syracuse channels. The confluent, 
eastward-draining waters correspond to Lake Wayne 
in the Lake Erie basin and the "Falling Vanuxem" or 
"Lowering Vanuxem I" waters (of H. L. Fairchild, 
1932a) in the Finger Lakes region. Muller also sug­ 
gested that a subsequent glacial readvance caused 
renewal of Lake Warren (Warren III on pi. 1) in the 
Lake Erie basin and reinstated westward drainage of 
waters in central New York. Lake Warren III was con­ 
temporaneous with lake "Warren" (of H. L. Fairchild, 
1932a) in central New York, and the rise of waters to 
both levels was caused by a major glacial readvance in 
the Lake Ontario basin. The Syracuse channels must 
have been covered by the readvanced ice margin in 
order for westward drainage of waters in central New 
York to have occurred.

Calkin (1970) concluded that the Batavia moraine 
was formed shortly prior to the transition from Lake 
Warren III to Lake Grassmere. Muller (1975) implied 
that the Batavia moraine was formed at the culmina­ 
tion of the glacial readvance that caused the rise to the 
Warren III level. I accept Calkin's interpretation and 
Muller's (written commun., 1977) more recent inter­ 
pretation that the Batavia moraine was formed very 
shortly prior to inception of Lake Grassmere. The 
Alden moraine was formed as a result of the readvance 
that caused the rise to the Lake Warren III level in the 
Lake Erie basin; thus, the Batavia moraine was formed 
as a result of a minor readvance shortly prior to extinc-
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tion of Lake Warren III. (See Supplementary Note 32.) 
Calkin (1970) concluded that the Hamburg moraine 

was formed shortly prior to the transition from Lake 
Whittlesey to Lake Warren I and that the Marilla 
moraine was formed in Lake Warren I. E. H. Muller 
(written commun., 1977) cited stratigraphic evidence 
that suggests that the Marilla moraine was formed in 
Lake Whittlesey shortly prior to inception of Lake 
Warren I.

NOTE 32

The glacial readvance responsible for deposition of 
the Halton Till in Ontario occurred after extinction of 
Lake Warren I (Karrow, 1963). A low-lake phase oc­ 
cupied the Lake Erie basin and the southwestern end 
of the Lake Ontario basin at the time of initial read­ 
vance of the ice margin. The readvance was accom­ 
panied by a rise of water in the Lake Erie basin to a 
renewed Lake Warren level. Only one well-developed 
Lake Warren strand was observed on the Halton Till, 
and Karrow (1963) assumed that the readvance was 
contemporaneous with a rise to the Lake Warren II 
level. Calkin (1968,1970) concluded that the Warren II 
phase was brief and was a lowered phase, however, 
that Lake Warren II strands are poorly developed, and 
that Lake Warren III strands are the best developed of 
all Lake Warren strands in western New York. The 
stratigraphic data cited by Karrow (1963) are com­ 
patible with conclusions that (a) the Halton advance 
occurred after extinction of Lake Warren II and after 
Lake Wayne was established in the Lake Erie basin, (b) 
the advance was contemporaneous with the rise to the 
Lake Warren III level, and (c) the well-developed 
strands on the Halton Till were formed by Lake War­ 
ren III, rather than Lake Warren II.

The Halton Till boundary extends from west of 
Hamilton, Ontario (Karrow, 1963), south to the Lake 
Erie shore at Point Evans (Feenstra, 1973; Supplemen­ 
tary Note 22). The southern (or western) limit of the till 
in much of southern Ontario is not marked by con­ 
spicuous end moraines. The submerged Port Maitland 
moraine in Lake Erie, an eroded segment of end 
moraine at Mohawk Point, and the Crystal Beach, Fort 
Erie, Niagara Falls, and Vinemount moraines on the 
Niagara Peninsula are composed of or are veneered by 
Halton Till (Feenstra, 1972, 1973, 1974). The location 
of the Halton Till boundary on the floor of Lake Erie is 
not known, but the bathymetry of the basin (Sly and 
Lewis, 1972, fig. 12) favors a hypothesis that it trends 
eastward from Point Evans, coincides with the south 
margin of the submerged Port Maitland moraine, and 
continues eastward to the New York shore south of 
Buffalo.

The Alden moraine, south of Buffalo, N.Y., was at­ 
tributed to a glacial readvance by Kindle and Taylor 
(1913) and Leverett and Taylor (1915). The moraine 
has been correlated with several different moraines in 
Ontario. (See discussion by Taylor, 1939, p. 385-387.) 
P. E. Calkin (written commun., 1975) reported 
stratigraphic evidence of a glacial readvance from 
north of the position of the Buffalo moraine south 
almost to the Alden moraine. E. H. Muller (written 
commun., 1977) reported that a readvance from 
Clarendon, N.Y., south nearly to the Alden moraine is 
documented in a series of exposures in gravel pits and 
that the configuration of Lake Warren I spits across 
the Marilla moraine indicates that significant ice- 
margin recession north of the present position of the 
Alden moraine occurred prior to formation of the 
Alden moraine. Muller tentatively correlated the 
Alden moraine with the Fort Erie moraine in Ontario, 
however, and suggested that the limit of the Halton 
readvance in New York is south of the Alden moraine.

The till boundary in New York that is equivalent to 
the Halton Till boundary in Ontario cannot be far 
south of the Alden moraine because well-developed 
strands of Lakes Warren I and Warren II terminate 
3.2 km south of the moraine (Leverett, 1902b; Fair- 
child, 1907c; Kindle and Taylor, 1913; Leverett and 
Taylor, 1915; Calkin, 1968, 1970). Extinction of Lake 
Warren I antedated the Halton advance in Ontario 
(regardless of the correlation of strands on the Halton 
Till); hence, the equivalent till boundary in New York 
must be north of the termination of Lake Warren I 
strands.

The abrupt termination of Lakes Warren I and War­ 
ren II strands south of the Alden moraine, 
stratigraphic evidence of a significant glacial read­ 
vance to or nearly to the position of the moraine, and 
alinement of the moraine with the expected configura­ 
tion of the Halton Till boundary on the floor of Lake 
Erie all suggest that the Alden moraine marks the ap­ 
proximate southern limit of the "Halton" readvance in 
New York. The southern limit of the till may be south 
of the moraine, at or near the locations of termination 
of Lakes Warren I and Warren II strands. Strands of 
Lakes Warren I and Warren II probably were formed 
north of the position of the moraine but were over­ 
ridden by ice or were destroyed by melt water at the 
time of the readvance.

The Wentworth Till in Ontario was deposited as a 
result of an early Port Huron Stadial glacial readvance 
contemporaneous with the rise of waters in the Lake 
Erie basin to the Lake Whittlesey level (Karrow, 1963; 
Dreimanis and Karrow, 1965; Goldthwait, Dreimanis, 
Forsyth, Karrow, and White, 1965; Terasmae, Karrow, 
and Dreimanis, 1972; Sly and Lewis, 1972). The Paris
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moraine is the oldest end moraine composed of Went- 
worth Till north of present Lake Erie, although the till 
boundary is not everywhere marked by end-moraine 
topography. Strands of Lakes Maumee and Arkona 
terminate abruptly south (or west) of the Went worth 
Till boundary, owing to overriding of Lake Maumee 
and Arkona sediments by the Wentworth ice.

The Wentworth Till boundary and the Paris moraine 
north of the Lake Erie shore are alined with the 
submerged Norfolk (Long Point-Erie) moraine in Lake 
Erie (Wall, 1968; Sly and Lewis, 1972). The latter 
moraine also was formed as a result of the early Port 
Huron readvance, contemporaneous with the rise to 
the Lake Whittlesey level (Wall, 1968; Sly and Lewis, 
1972). The configuration of the submerged moraine 
and the bathymetry of the lake basin (Sly and Lewis, 
1972, fig. 12) are such that the ice margin is expected 
to have intersected the south shore of present Lake 
Erie in the vicinity of Girard, Pa.

Leverett (1902b) observed that beaches of Lake 
Maumee terminate abruptly south of the Girard 
moraine in Pennsylvania, and that Lake Whittlesey 
beaches continue northward onto and north of the 
moraine. He assumed that Lake Maumee was lowered 
directly to the Lake Whittlesey level; consequently, he 
assumed that the ice margin stood at the position of 
the Girard moraine at the time of the Maumee- 
Whittlesey transition. Subsequent work by Taylor 
(1905) and others demonstrated that Lake Maumee 
was lowered to the Lake Arkona levels and that the 
still-later rise to the Lake Whittlesey level was caused 
by a significant glacial readvance. Taylor (in Leverett 
and Taylor, 1915, p. 373-376, pi. XVIII) mistakenly 
mapped Arkona strands on and north of the Girard 
moraine in Pennsylvania and New York. As Taylor 
(1939) and Leverett (1939) later emphasized, the 
Arkona strands mapped in 1915 are the Lake Warren I 
strands of Leverett (1902b) and Fairchild (1907c). 
Evans (1970) and [Evans] Schooler (1974) confirmed 
the termination of Lake Maumee III strands south of 
the Girard moraine. She identified two lower strands of 
Lake Arkona and noted that they also terminate south 
of the moraine. Schooler (1974, p. 9) inferred that the 
Girard moraine was formed as a result of a glacial read­ 
vance, but she cited Leverett and Taylor (1915) and 
Hough (1958) as sources of a conclusion that the 
moraine was formed prior to extinction of Lake 
Maumee III. As mapped by Schooler (1974, pi. 1), the 
Maumee III beach terminates less than 2.25 km 
southwest of the Girard moraine. If the beach and the 
moraine were formed simultaneously, the ice margin 
was less than 1.5 km west of the beach and the beach 
was formed in a long, narrow arm of Lake Maumee be­ 
tween the ice margin and high ground to the east. The

Maumee III beach at its northward termination is 
relatively well developed (Leverett, 1902b; Leverett 
and Taylor, 1915; Evans, 1970; Schooler, 1974). The 
development of the beach suggests that it was formed 
in open water with appreciable fetch, far from an ice 
margin. If this reasoning is valid, the beach was 
formed in Lake Maumee III before the Girard moraine 
was formed and at a time when the ice margin was far 
north of Girard, Pa.

Termination of Lakes Maumee III and Arkona 
strands south of the Girard moraine was observed by 
Leverett and Taylor (1915), Evans (1970), and Schooler 
(1974), but the significance of termination of strands of 
both lakes at the same place was not evaluated. If the 
Girard moraine formed in Lake Maumee III im­ 
mediately prior to the Maumee III-Arkona transition, 
Maumee III strands are expected to terminate at or 
south of the moraine, but Arkona I, Arkona II, and 
Arkona III strands are expected to be present on and 
north of the moraine. Two Arkona strands terminate 
south of the moraine (Schooler, 1974, pi. 1), but no 
strands correlative with the Arkona strands south of 
the moraine and in Ohio have been identified on or 
north of the Girard moraine. (As noted previously, the 
Arkona strands of Leverett and Taylor (1915) are Lake 
Warren I strands.) Abrupt termination of strands of 
Lakes Maumee III and Arkona near Girard is 
analogous to the termination of the same strands at or 
near the southern (or western) limit of the Wentworth 
Till in Ontario. The readvance responsible for forma­ 
tion of the Girard moraine occurred after extinction of 
Lakes Maumee and Arkona. Strands of both lakes 
probably were formed farther north in Pennsylvania 
(and perhaps in New York); the latter strands were 
obliterated as a result of the readvance to the position 
of the Girard moraine.

The observation that the Girard moraine was formed 
as a result of a glacial readvance (Schooler, 1974), the 
abrupt termination of Maumee III and Arkona strands 
south of the moraine, and the striking alinement of the 
Wentworth Till boundary in Ontario, the submerged 
Norfolk moraine in Lake Erie, and the Girard moraine 
in Pennsylvania all support a conclusion that the 
Girard moraine was formed as a result of the early Port 
Huron Stadial readvance in the Lake Erie basin, con­ 
temporaneous with the rise to the Lake Whittlesey 
level.

NOTE 33

The Leaside Till of the Ontario lobe in Ontario was 
defined as a formal rock-stratigraphic unit (Karrow, 
1967b, 1968b, 1969b). The upper unit of the Leaside 
Till subsequently was shown to be equivalent to the
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Halton Till (Karrow, 1963) in the Hamilton region, 
Ontario (Karrow, 1974a). The name Halton has prior­ 
ity; and, consequently, Karrow (1974a) proposed that 
the name Leaside Till be removed from formal rock- 
stratigraphic nomenclature.

NOTE 34

Formation of the Dummer moraine was approx­ 
imately synchronous with southwestward movement 
of ice of the "Upper Rideau-Newboro Lakes lobe," 
west of Brockville, Ontario (Henderson, 1973a). A 
postulated glacial readvance in the vicinity of 
Prescott, Ontario, northeast of Brockville (Terasmae, 
1965), postdated formation of the Dummer moraine. 
Evidence of transgression of the Champlain Sea in the 
vicinity of Prescott prior to the postulated advance 
has not been cited. Moraine ridges in the vicinity of 
Stittville, Bells Corners, Gloucester, and Bowesville, 
south of Ottawa (Johnston, 1917; Gadd, 1961, 1963), 
continue at least as far south as Kemptville, Ontario 
(Reinecke, 1917; Hills and others, 1944), and the aline- 
ment favors correlation of the moraines with the 
postulated readvance near Prescott. Ice occupied the 
lower Gatineau and Ottawa River valleys at the time 
of formation of the moraines, and the ice margin prob­ 
ably crossed the Ottawa River valley between Shirleys 
Bay and Queens Park (Gadd, 1961,1963). The Ottawa- 
Alexandria area, Ontario, is inferred to have been 
covered by ice at the time of formation of the moraines 
(Gadd, 1961).

Marine shells in till-like diamictons at a number of 
localities in Ontario and Quebec, east and southeast of 
Ottawa, have been cited as evidence of a glacial read­ 
vance into the Champlain Sea (Richard, 1975a, 1975b, 
1976, 1977). Evidence of a readvance in other regions 
that presumably also were covered by the ice of the 
proposed "Newington readvance" has not been ob­ 
served, however (Gwyn and Lohse, 1973; Gwyn and 
Thibault, 1974), and borings in the Ottawa River 
valley provided no evidence of a readvance into the 
Champlain Sea (Gadd, 1977). Harrison (1977) ques­ 
tioned the glacial origin of the shell-bearing deposits 
and suggested that the diamicton may be a marine 
sediment that was deposited by coastal processes in 
the Champlain Sea.

A shell-bearing till-like diamicton in oriented till 
ridges and overlying ground moraine 1-5 km north and 
northeast of Fort Covington, N.Y., was described by 
Richard (1977). The fossiliferous till ridges are com­ 
mon in New York east, south, and west of Fort Cov­ 
ington (MacClintock and Stewart, 1965, pi. IB). The 
ridges are capped or discontinuously veneered by 
fossiliferous till-like debris as much as 3 m thick; the

lithology of the diamicton is similar to that of the 
underlying till (MacClintock and Stewart, 1965, p. 36, 
72, 75-78). The diamicton is not a till that was 
deposited as a result of a post-'Tort Covington" 
glacial readvance (Macclintock and Stewart, 1965; 
Carl, 1977); it is a reworked deposit produced by 
waves, currents, and tides in the Champlain Sea. 
MacClintock and Stewart (1965, p. 78) concluded, "The 
winnowed till is a blanket of fossiliferous debris, made 
by churning up of the surface part of the till and the 
winnowing out of the silt and clay, leaving a residue 
with marine shells in it." Similar reworked till on the 
Drummondville moraine in Quebec was described by 
Gadd (1971). Published data favor a marine origin of 
all the shell-bearing diamictons attributed to the 
"Newington readvance" in New York, Quebec, and 
Ontario.

NOTE 35

The glacial-lake history in central New York is based 
on the succession of lakes outlined by Fairchild 
(numerous publications, 1896-1934), Watson (1898), 
Chadwick (1917,1923), Brainerd (1922), Chadwick and 
Dunbar (1924), and Miner (1933). More recent studies 
by Chisnell (1951), Shumaker (1957), Coon (1960), 
Sissons (1960), Von Engeln (1961), Caggiano (1966), 
and Krall (1966) provided critical data used in 
reconstruction of the lake history in the Finger Lakes 
region.

NOTE 36

The name Fort Covington Till is cited as an example 
of a formal rock-stratigraphic unit (formation) in the 
Code of Stratigraphic Nomenclature (American Com­ 
mission on Stratigraphic Nomenclature, 1961, p. 652). 
Macclintock (1954a, 1958), MacClintock and Terasmae 
(1960), MacClintock and Dreimanis (1964), and 
MacClintock and Stewart (1965) did not attempt or in­ 
tend to define the till as a formal Stratigraphic unit.

The "Fort Covington" till and the older "Malone" 
till (both informal) in the spectacular sections of the 
St. Lawrence Seaway and power-project excavations 
were texturally distinctive and were separated by 
nonglacial sediments (MacClintock, 1958; Trainer and 
Salvas, 1962; MacClintock and Dreimanis, 1964; Mac­ 
Clintock and Stewart, 1965; Terasmae, 1965). 
Elsewhere in New York, Ontario, and Quebec, tills also 
referred to as "Fort Covington" and "Malone" tills 
have been distinguished primarily on the basis of till 
fabric; in most places a definite contact between tills of 
demonstrably different ages has not been identified, 
and lithologic and textural criteria have not been used
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to identify or differentiate the tills. Recent studies in 
parts of Ontario (Gwyn and Thibault, 1974; Sharpe, 
1974) and New York (Denny, 1974) failed to provide 
stratigraphic grounds for differentiation of "Malone" 
and "Fort Covington" tills. In those areas the 
"Malone"-"Fort Covington" succession (defined on 
the basis of striations, till fabrics, and other indicators 
of ice-movement directions) apparently represents a 
change in direction of ice movement in response to in­ 
creased influence of physiography on ice-margin loba- 
tion during deglaciation, rather than two advances of 
an ice margin. The "Malone" and "Fort Covington" 
tills in the St. Lawrence Seaway and powerplant ex­ 
cavations were deposited during different stadials; the 
tills referred to as "Malone" and "Fort Covington" on 
the north margin of the Adirondack Mountains and in 
many other places in New York and Ontario both ap­ 
parently were deposited during the stadial represented 
by the single "Fort Covington" till in the seaway 
sections.

In view of the uncertainty of the relationships in 
time and space between the "Malone" and "Fort Cov­ 
ington" tills in the seaway and powerplant exposures 
and tills elsewhere in New York, Ontario, and Quebec 
(identified on the basis of till fabrics), the name "Fort 
Covington" has little value for purposes of correlation 
and reconstruction of glacial and deglacial history. The 
"Malone" and "Fort Covington" tills were not defined 
as formal rock-stratigraphic units (formations). The 
tills were not defined or differentiated on the basis of 
lithologic and textural characteristics; boundaries and 
contact relationships were not adequately specified; 
and type sections were not designated. Consequently, 
the names Fort Covington Till and Malone Till should 
be removed from formal rock-stratigraphic 
nomenclature and new names should be proposed for 
the tills in the St. Lawrence Seaway and power plant 
exposures.

Deposition of the youngest till on the north margin 
of the Adirondack Mountains antedated expansion of 
Lake Iroquois into the St. Lawrence Lowland (Mac- 
Clintock and Terasmae, 1960; MacClintock and 
Stewart, 1965), and it may have antedated formation 
of Lake Iroquois in the Lake Ontario basin. The 
youngest "Fort Covington" readvance on the north 
margin of the Adirondacks and in the Black River 
Lowland is very tentatively correlated with the read­ 
vance that resulted in deposition of the Halton Till in 
Lake Ontario basin. (See Supplementary Note 41.)

NOTE 37

LaFleur (1975) proposed that extinction of Lake 
Amsterdam in the Mohawk Lowland occurred during

the Erie interstadial. That interpretation is not ac­ 
cepted here. The Rosendale readvance in the Hudson 
Lowland (Connally, 1968; Connally and Sirkin, 1973) 
and the Yosts readvance in the eastern Mohawk 
Lowland (Yatsevitch, 1969; LaFleur, 1969) antedated 
extinction of Lake Amsterdam. Assignment of an Erie 
interstadial age to extinction of Lake Amsterdam re­ 
quires that the Rosendale advance and all older ad­ 
vances in the Hudson Lowland and in New Jersey 
antedated the Port Bruce Stadial and that the lower 
Hudson Lowland was deglaciated before 16,000 B.P. 
Chronologic and stratigraphic data from the central 
and southern Hudson Lowland, northern New Jersey, 
and southwestern New England (Schafer and Harts­ 
horn, 1965; Epstein, 1969; Sirkin and Minard, 1972; 
Connally and Sirkin, 1973; Borns, 1973) suggest that 
active ice was present in these regions during the Port 
Bruce stadial.

The Luzerne readvance in the Glens Falls region 
(Supplementary Note 44) occurred during the latter 
part of the Port Bruce stadial; the readvance antedated 
extinction of Lake Albany (Connally and Sirkin, 1969, 
1971, 1973). A bog on drift of the Luzerne advance 
yielded radiocarbon ages of 12,150±200 B.P. (1-4986) 
and 12,400±200 B.P. (1-3199). Connally and Sirkin 
(1971,1973) inferred that culmination of the readvance 
occurred approximately 13,200 B.P. If their interpreta­ 
tion is correct, culmination of the readvance of at least 
33 km was synchronous with maximum ice-margin 
recession during the Mackinaw interstadial in the Lake 
Michigan, Lake Huron, Lake Erie, and Lake Ontario 
basins. The radiocarbon sample from the base of the 
bog (1-4986) does not necessarily provide a close 
minimum age for deglaciation; the Luzerne advance 
probably occurred much earlier during the Port Bruce 
stadial. (See discussion under "Radiocarbon Ages.")

LaFleur (1975) proposed that extinction of Lake 
Amsterdam was followed by (a) formation of the 
Schenectady delta in Lake Albany, (b) continued north­ 
ward expansion of Lake Albany in the Hudson 
Lowland, (c) minor readvances of the ice margin into 
Lake Albany during the "Gary Stade," and (d) suc­ 
cessive lowering of waters in the Hudson Lowland 
from the Albany level to the Quaker Springs and 
Coveville levels during the "Gary-Port Huron in- 
terstade" and the "Port Huron Stade." If extinction of 
Lake Amsterdam occurred during the Erie inter­ 
stadial, as LaFleur proposed, the Port Bruce stadial is 
represented only by "several minor readvances of ice 
defending Lake Albany" (LaFleur, 1975) and the 
Luzerne readvance. All the Port Bruce stadial re- 
advances, therefore, were confined to a relatively small 
area of the Hudson Lowland between Schenectady and 
Albany on the south, and Glens Falls on the north.
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NOTE 38

The list of Champlain Sea ages shown on the plate is 
incomplete. The oldest shell ages appear to be too old 
in relation to ages of Lake Iroquois phases and other 
lake phases in the Great Lakes region. The possibility 
of carbon isotope fractionation (Mangerud, 1972) in 
Champlain Sea materials is being reinvestigated by 
Claude Hillaire-Marcel (V. K. Prest, written commun., 
1976). Wood in association with shells in growth posi­ 
tion on Mont St. Hilaire, Quebec, and wood in associa­ 
tion with shells near Quebec City may provide calibra­ 
tion for shell ages. Unconnected ages from Mont St. 
Hilaire suggest that shells may provide ages 700-900 
years older than wood (V.K. Prest, Geological Survey of 
Canada, written commun., 1976); on the other hand, the 
preliminary wood and shell ages from Quebec City are 
in agreement within the limits of the statistical errors 
of the measured ages. In Vermont, wood and shells in 
Champlain Sea sediments from a single locality yielded 
ages of 10,950±300 (W-2309) and 11,420±350 
(W-2311), respectively (Wagner, 1972).

NOTE 39

Radiocarbon controls do not permit close resolution 
of the ages of the Lac St. Charles moraine (LaSalle, 
1970) and the younger St. Narcisse moraine system in 
Quebec. Shells in growth position in stony glacio- 
marine sediment yielded an age of 11,600±160 B.P. 
(GSC-1235) (Gadd, McDonald, and Shilts, 1972; 
LaSalle and others, 1972; Gadd, LaSalle, Dionne, 
Shilts, and McDonald, 1972; LaSalle and Elson, 1975). 
The shells are from a locality approximately 80 km 
south of the St. Narcisse moraine. If the diamicton is 
not older till that was redeposited by waves and cur­ 
rents in the Champlain Sea (Supplementary Note 34), 
the sample may provide an approximate age of the Lac 
St. Charles moraine and a maximum age of the St. Nar­ 
cisse moraine system (Gadd, LaSalle, Dionne, Shilts, 
and McDonald, 1972, p. 35).

Foraminifera from stony marine drift beneath till in 
the St. Narcisse moraine (Gadd, LaSalle, Dionne, 
Shilts, and McDonald, 1972, p. 64-65) yielded an age 
of 11,600±630 B.P. (GSC-1526). The sample provides 
a minimum age for the Lac St. Charles moraine and an 
approximate age or maximum age for the St. Narcisse 
moraine. The age should be treated with caution, 
owing to the small size of the sample and the large 
statistical error of the measured age.

Shells in glaciomarine sediments inferred to have 
been deposited contemporaneously with formation of 
the St. Narcisse moraine system yielded an age of 
11,300±160 B.P. (GSC-1729) (Occhietti, 1976). If the

diamicton is not redeposited older till, the sample may 
provide an approximate age of the moraine system.

Barnacles in till (LaSalle and others, 1972; Gadd, 
LaSalle, Dionne, Shilts, and McDonald, 1972) or 
glaciomarine sediment (LaSalle and Elson, 1975) south 
of the St. Narcisse moraine system yielded an age of 
11,200±160 B.P. (GSC-1295). The sample provides a 
minimum age for the Lac St. Charles moraine. Bar­ 
nacles in a lens of till (Gadd, LaSalle, Dionne, Shilts, 
and McDonald, 1972, table 5-1), marine sediment 
(Gadd, LaSalle, Dionne, Shilts, and McDonald, 1972, 
table II), or stony glaciomarine sediment (LaSalle and 
Elson, 1975) in ice-contact stratified drift south of the 
St. Narcisse moraine system yielded an age of 
11,200±170 B.P. (GSC-1476). Barnacle and shell 
fragments from till (Gadd, McDonald, and Shilts, 
1972; Gadd, LaSalle, Dionne, Shilts, and McDonald, 
1972, table II) or stony marine clay (LaSalle and 
others, 1972; Gadd, LaSalle, Dionne, Shilts, and 
McDonald, 1972, table 5-1; LaSalle and Elson, 1975) 
south of the St. Narcisse moraine system yielded an 
age of 11,100±160 B.P. (GSC-1232). If the three 
diamictons are related to the St. Narcisse readvance, 
the ice margin apparently advanced beyond the posi­ 
tion of the St. Narcisse moraine, and the samples pro­ 
vide approximate ages of the St. Narcisse readvance. 
If the clasts in any of the materials are rafted debris 
from the St. Narcisse ice margin, the samples provide 
approximate ages of the readvance. If any of the 
samples are from redeposited older till (Supplementary 
Note 34), the samples have no bearing on the age of the 
moraine system.

Minimum ages of the St. Narcisse moraine system 
are provided by radiocarbon samples from nonglacial 
sediments on the north of the system (GSC-2045, 
GSC-2101, 1-491, Gif-424, GSC-1444, GSC-1739).

NOTE 40

The history of lake-level changes in the Hudson and 
Champlain Lowlands is poorly known. The configura­ 
tion of isobases in the Lowlands is controversial, in 
part because the lakes were narrow, in part because of 
difficulties in distinguishing deltas and other features 
of major lakes from ice-contact deposits and deltas 
formed in local ice-dammed lakes, and in part because 
different authors have adopted different models of dif­ 
ferential postglacial uplift. Also, owing to the limited 
areal extent and discontinuous distribution of strand 
features and the occurrence of strands of a specific lake 
phase at different altitudes at a given location on pro­ 
jected profiles of postglacial uplift, all the highest 
strand segments on projected profiles are connected to 
provide an upper limit of the lake (for examples see
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LaFleur, 1965c, fig. 11; Wagner, 1969, fig. 2; Denny, 
1967, 1970). Thus, the altitude assigned to a lake is the 
projected and extrapolated upper limit of all strand 
segments formed in the lake, and the possibility of 
crossing or splitting of strands has not been explored.

Reeds (1927) concluded that Lake Hackensack in the 
New Jersey Meadows, Lake Hudson in the Hudson 
River valley south of the Hudson Highlands, and Lake 
Flushing in Long Island Sound were confluent, and 
that the waters did not extend north of the Hudson 
Highlands. Connally (1972a) proposed that all three of 
Reeds' lakes were confluent with Lakes Albany and 
Quaker Springs north of the Highlands. Resolution of 
the relationships between lake levels north and south 
of the Highlands has a direct bearing on the debated 
origin and location of the dam of Lake Albany.

LaFleur (1965c) and Connally (1972a) concluded that 
the Quaker Springs phase of "Lake Vermont" and a 
second phase of Lake Albany were confluent, and that 
the Coveville phase of "Lake Vermont" and a third 
phase of Lake Albany were confluent. LaFleur con­ 
cluded that the Lake Fort Ann phase of "Lake 
Vermont" and a fourth phase of Lake Albany were 
confluent; Connally proposed that Lake Fort Ann was 
confined to the Champlain Lowland, but he also noted 
that the projected upper limit of Lake Fort Ann is 
above the presumed outlet of Lake Fort Ann. Denny 
(1974) identified two Lake Fort Ann levels in the north 
end of the Champlain Lowland. The published data are 
compatible with a third interpretation, that an early 
phase of Lake Fort Ann was confluent with a fourth 
phase of Lake Albany, and a later phase of Lake Fort 
Ann was confined to the Champlain Lowland. Because 
Lakes Quaker Springs and Coveville (and early Lake 
Fort Ann?) in the Champlain Lowland were confluent 
with waters in the Hudson Lowland, Connally (1970) 
suggested that the name "Lake Vermont" be 
eliminated from terminology in the Champlain 
Lowland.

Denny (1974) suggested that the younger of two in­ 
ferred levels of Lake Fort Ann at the International 
Boundary, correlated with confluent waters in the 
Lake Ontario basin and the Champlain Lowland, was 
at least 15 m higher than the earlier level. This con­ 
figuration of strands is inconsistent with the expected 
pattern of differential uplift in the Champlain 
Lowland; strands of the earlier level are expected to be 
higher than those of the later level. The upper limit of 
Champlain Sea sediments also is tilted more steeply 
than the upper limit of the older Lake Fort Ann 
Sediments (Denny, 1967, 1970, 1974). The anomalous 
relationships can be explained by (a) misinterpretation 
of the relative ages of the two Fort Ann levels; (b) 
miscorrelation of levels in the northern and southern

parts of the Lowland; (c) more rapid differential uplift 
in the southern part of the Lowland than in the north­ 
ern part of the Lowland (suggested by Denny, 1974); 
(d) Holocene tectonic movement in the Adirondack 
Mountains and Champlain Lowland (Isachsen, 1975a, 
1975b; Isachsen and Wold, 1977); and (e) splitting of 
Lake Fort Ann strands in the central part of the 
Lowland as a result of a glacial 'readvance into Lake 
Fort Ann. More rapid uplift in the southern part of the 
Lowland (alternative "c") or Holocene tectonic activ­ 
ity (alternative "d") should be reflected in the pro­ 
jected profiles of strands of other lakes in the Hudson 
and Champlain Lowlands; the absence of such evidence 
argues against these hypotheses. Alternative "e" re­ 
quires that the upper limit of Lake Fort Ann in the 
southern part of the Champlain Lowland represents 
two phases of Lake Fort Ann; however, the upper limit 
in the northern part of the Lowland represents only the 
second phase of Lake Fort Ann.

Wagner (1969, 1970, 1972) suggested that a very low 
level lake existed in the Champlain Lowland after ex­ 
tinction of Lake Fort Ann. If this "Lake New York" 
existed, it antedated transgression of the Champlain 
Sea and drained northward to the St. Lawrence 
Lowland. An interval of northward drainage prior to 
the marine transgression is not recorded in published 
studies of the St. Lawrence Lowland, however.

NOTE 41

The "Mountain-front" moraine system (Denny, 
1966) consists of end-moraine segments of several ages 
(Denny, 1974). As mapped in 1966, the system includes 
moraine segments of ice-margin stands 2a, 2b, 3a, 3b, 
and 4a, as mapped more recently (Denny, 1974). Most 
of the ice-margin positions inferred on the small-scale 
maps (Denny, 1974, fig. 11, pi. 1) are not indicated on 
maps by Woodworth (1905a, 1905b) or on more de­ 
tailed quadrangle maps by Denny (1967,1970). In view 
of Denny's revisions of ice-margin positions in the 
northeastern Adirondack Mountains, the term 
"Mountain-front moraine" should be redefined or 
should be abandoned.

Denny (1974) tentatively correlated the Highland 
Front moraine system, in Quebec, with his "ice margin 
stand no. 1" (Loon Lake episode) in the northeastern 
Adirondack Mountains. The Loon Lake episode 
antedated Lake Fort Ann; if it represents a glacial 
readvance it may have been contemporaneous with the 
Bridport advance of Connally (1970) and Connally and 
Sirkin (1971, 1973) in the Champlain Lowland. The 
Highland Front moraine system was formed during 
the existence of Lake Fort Ann (McDonald, 1967, 
1968b; Connally and Sirkin, 1973).
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A glacial readvance in the Champlain Lowland, dur­ 
ing the existence of Lake Fort Ann and synchronous 
with the readvance to the position of the Highland 
Front moraine, may be represented by "ice stand 
no. 8" (the Clinton Mills, Ellenburg Depot, and Miner 
Lake moraines) of Denny (1974, figs. 5, 6, 11, pis. 1, 5, 
6). Denny inferred that the ice margin trended 
southeast toward the Lake Champlain basin from a 
position northwest of West Beekmantown; on Wood- 
worth's map (1905a, pi. 2) the ice margin is inferred to 
have continued southwest, toward Cadyville.

The termination of Lake Coveville strands northeast 
of Cadyville and northwest of West Plattsburgh (Chap­ 
man, 1937,1942; Denny, 1967,1974) may mark the ap­ 
proximate position of the ice margin at the time of 
culmination of the proposed Clinton Mills-Ellenburg 
Depot (equal to Highland Front) readvance. The Lake 
Coveville-Lake Fort Ann transition occurred prior to 
the proposed readvance—Lake Coveville sediments 
probably extended farther north at the time of Coveville 
extinction; they and the earliest Lake Fort Ann sedi­ 
ments were overridden by the readvancing ice margin.

Denny (1974) tentatively correlated the "Fort Cov- 
ington" till boundary of MacClintock and Stewart 
(1965) with his "ice stand no. 14," on the north flank 
of Covey Hill. This correlation is compatible with map­ 
ping of the "Fort Covington" till boundary (on the 
basis of till fabrics) by MacClintock (1958), Mac­ 
Clintock and Terasmae (1960), and MacClintock and 
Stewart (1965), but the location and significance of the 
"Fort Covington" till boundary are themselves sub­ 
jects of debate (Supplementary Note 36). The "Fort 
Covington" boundary of MacClintock and Stewart 
(1965, pi. 1) is less than 4 km north of Denny's "ice 
stand no. 8," here correlated with the Highland Front 
moraine. Some—but not all—of the "Fort Covington" 
ice-margin positions described by MacClintock and 
Stewart (1965) represent a significant glacial re- 
advance on the north margin of the Adirondacks, and 
some of the "Fort Covington" moraine segments may 
have been formed as a result of the same readvance 
that produced the Clinton Mills-Ellenburg Depot and 
Highland Front moraines. The "Fort Covington" 
moraine segments (regardless of their ages and correla­ 
tions) and the Clinton Mills, Ellenburg Depot, and 
Miner Lake moraines all were formed prior to expan­ 
sion of Lake Iroquois along the north margin of the 
Adirondack Mountains.

NOTE 42

Although a number of significant morphologic 
studies have been conducted in the Hudson and

Champlain Lowlands during the past two decades, the 
stratigraphy and chronology of the regions are not well 
known. The stratigraphic and morphologic data in­ 
cluded in pioneering studies of S. P. Baldwin, E. E. 
Barker, G. H. Chadwick, D. H. Chapman, J. H. Cook, 
H. L. Fairchild, C. H. Hitchcock, F. H. J. Merrill, H. E. 
Merwin, C. E. Peet, G. H. Perkins, C. A. Reeds, R. D. 
Salisbury, J. H. Stoller, W. E. Upham, J. B. Wood- 
worth, and G. F. Wright have been generally ignored. 
They must be incorporated into any realistic 
reconstruction of the glacial and deglacial history of 
the Lowlands.

G. G. Connally and L. A. Sirkin (1966-73) con­ 
structed a chronologic framework of events in the Hud­ 
son Lowland and the southern part of the Champlain 
Lowland. Their interpretations were based chiefly on 
landforms and pollen analysis. The radiocarbon ages 
that provided the time framework for their scheme all 
are minimum ages, and the ages of events are not 
necessarily closely limited by the radiocarbon ages. 
(See discussion under "Radiocarbon Ages".) The suc­ 
cession of events proposed by Connally and Sirkin is 
not questioned here; the ages of events are not firmly 
established, and, consequently, correlation of the 
events with events elsewhere is conjectural. Many of 
their interpretations are accepted here; others are con­ 
sidered less probable than correlations shown on the 
plate.

NOTE 43

Evidence of northward movement of ice in Quebec, 
cited by Clark (1937) and Cooke (1937), was debated by 
Flint (1951), Thornes (1965), McDonald (1967, 1968a, 
1968b), and McDonald and Shilts (1971). Still more re­ 
cent studies by LaMarche (1971, 1974), Gadd, 
McDonald, and Shilts (1972), Lortie (1975), Gauthier 
(1975), and Gadd (1976) have confirmed that north­ 
ward movement of ice did occur in the Thetford 
Mines-Asbestos region. The northward movement oc­ 
curred prior to formation of the Highland Front 
moraine system (Sabourin, 1957; Map 10-1971 in 
Gadd, McDonald, and Shilts, 1972) and thus prior to 
transgression of the Champlain Sea. Gadd, McDonald, 
and Shilts (1972) and Gadd (1976) proposed that stria- 
tions and the distribution of indicator lithologies in till 
are evidence that a local center of ice dispersal covered 
the central part of the Chaudiere River valley in 
Quebec, contemporaneous with formation of the 
Cherry River moraine at the margin of the Laurentide 
ice sheet. It is not clear why a local center of ice dis­ 
persal formed in the Lowland rather than on the Ap­ 
palachian Highland to the east and southeast. 
Gauthier (1975) proposed that the center of outflow of
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a residual icecap was in the Appalachian region south 
of the Chaudiere River Valley and that formation of 
the local ice center was caused by transgression of the 
Champlain Sea in the Lowland. Hanson and Caldwell 
(1977) proposed that a local ice center formed on the 
Boundary Mountains, in the vicinity of Jackman, 
Maine, east and southeast of the proposed ice center in 
Quebec, and they inferred that ice may have moved 
northwestward into Quebec. Although northward ice 
movement in the Thetford Mines-Asbestos region is 
inferred to have occurred prior to formation of the 
Boundary Mountains ice center (Hanson and Caldwell, 
1977), the spatial and temporal relationships of the re­ 
spective ice masses have not been established.

NOTE 44

The Warrensburg, Hidden Valley, and Mt. 
McGregor moraines are products of a glacial read- 
vance of at least 33 km in the Champlain and Hudson 
Lowlands (the Luzerne advance). The readvance 
culminated prior to the Lake Albany-Lake Quaker 
Springs transition (Connally and Sirkin, 1969, 1971). 
(See Supplementary Note 37.)

NOTE 45

Ages, correlations, and distributions of tills in Ver­ 
mont are uncertain. The stratigraphic succession and 
areal distribution of tills outlined by Stewart (1961) 
and Stewart and MacClintock (1964, 1969, 1970) are 
based primarily on till-fabric analysis rather than 
Hthologic or textural distinctions; they are not com­ 
patible with the presently recognized successions of 
events and successions and distributions of tills in 
New York, Connecticut, Massachusetts, and Quebec. 
Although the synthesis by Stewart and MacClintock 
(1969, 1970) incorporated the work of several other in­ 
vestigators, much of the field data and many of the in­ 
terpretations of Behling (1965, 1966), Calkin (1965), 
Cannon (1964a-d), Connally (1966a, 1966b, 1970), 
Shilts (1965, 1966a, 1966b) and Shilts and Behling 
(1967) were not included in the synthesis. Reports by 
Connally and Calkin (1972), Wagner (1972), Wagner, 
Morse, and Howe (1972), Larsen (1975), and Kelley 
(1975a, 1975b) contain more recent data related to till 
stratigraphy and ice movement patterns in Vermont 
and neighboring states.

NOTE 46

Ages and correlations of tills, end moraines, and 
lakes in northern New Jersey have not been estab­ 
lished on stratigraphic or radiometric grounds. The

treatise by Salisbury, Kummel, Peet, and Knapp 
(1902) and other studies by Salisbury (1902, 1908a, 
1908b) and Bayley, Kummel, and Salisbury (1914) are 
the most comprehensive references on the Quaternary 
geology of northern New Jersey. Detailed studies of 
till stratigraphy have not been published, although ex­ 
posures of multiple tills are common. Discontinuous 
segments of end-moraine and other ice marginal 
features are common in New Jersey, but correlation of 
segments is conjectural. Herpers (1961), Minard 
(1961), Connally and Sirkin (1967, 1970, 1973), and 
Minard and Rhodehamel (1969) attempted to trace ice- 
margin positions across Kittatinny Mountain and the 
New Jersey Highlands, but their correlations are not in 
agreement. The correlations of end-moraine segments 
proposed in plate 1 are based on my own field studies 
of ice marginal alinements in 1969,1970, and 1971, and 
they incorporate observational data from many 
sources. They are presented as an alternative to 
published correlations.

Connally and Sirkin (1967,1970,1973) proposed that 
the Ogdensburg-Culvers Gap moraine in New Jersey 
is the oldest late Wisconsinan (Woodfordian) moraine 
in New Jersey. On the basis of extrapolation of 
sedimentation rates in pollen profiles, Sirkin and 
Minard (1972) suggested that the moraine was formed 
18,300±300 B.P., and they inferred that the moraine 
may be the same age as the Roslyn till on Long Island. 
The Ogdensburg-Culvers Gap moraine here is cor­ 
related tentatively with a glacial readvance to the 
north shore of western Long Island (the Port 
Washington advance of Woodworth, 1901). At least 
part of the Roslyn till is older than the Port Wash­ 
ington moraine (Sirkin, 1971; Mills and Wells, 1974; 
Sirkin and Mills, 1975). On the basis of relative age 
criteria Epstein (1969) and Bucek (1971) concluded 
that much of the drift south of the Ogdensburg- 
Culvers Gap moraine in northwestern New Jersey and 
northeastern Pennsylvania is late Wisconsinan in age. 
The terminal moraine deposits in the vicinity of Budd 
Lake, farther east in New Jersey, are characterized by 
unfilled kettles, relatively unmodified collapsed ice- 
contact slopes, very poorly integrated drainage, and 
shallow soil-profile development. These deposits are 
older than the Ogdensburg-Culvers Gap moraine, but 
do not appear to be early or middle Wisconsinan in age.

Averill (1975) suggested that a glacial readvance oc­ 
curred in the Hackensack and southern Hudson River 
valleys after deposition of peat which yielded a 
radiocarbon age of 9,125±150 B.P. (1-6286). Other 
workers concluded that New England, New York, and 
southeastern Quebec were deglaciated long before 
10,000 B.P. (Borns, 1973; Coates, 1976; Gadd, 1976). A
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glacial readvance during the existence of Lake Hacken- 
sack is recorded by till, kames, and other ice-contact 
deposits east of Ridgewood, at the north edge of 
Hackensack, north of Teaneck and south of Tenafly, 
and at Englewood, N.J. The surface till beneath the 
dated peat at Hillsdale, N.J., north of the localities 
mentioned above, was deposited as a result of the 
Hackensack readvance. The peat is not overlain by the 
till; it postdates all glaciation and deglaciation in the 
Hudson and Hackensack River valleys. The sand that 
overlies the peat is postglacial alluvium, windblown 
sand, and redeposited outwash and ice-contact 
sediments, as are much of the sand and gravel that 
overlie till and Lake Hackensack and Lake Hudson 
sediments elsewhere in northeastern New Jersey 
(Salisbury, 1902, 1908a; Salisbury and others, 1902; 
Woodworth, 1905b; Reeds, 1927).

NOTE 47

The Lennoxville Till in southeastern Quebec 
(McDonald, 1967; McDonald and Shilts, 1971; Gadd, 
1976) represents continuous ice cover from earlier than 
16,000 B.P. until deglaciation was completed in the 
Southeastern Townships of Quebec.
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